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s study reports the results of a 6-month, open- 
abel multicenter study of the efficacy and tolerabil- 
y of lovastatin, a 3-hydroxy-3-methylglutaryl co- 
enzyme A (HMG CoA) reductase inhibitor, in the 
management of nonfamilial primary hypercholes- 
terolemia. The study enrolled 489 patients with el- 
vated total serum cholesterol levels, whose lipids 
jere not controlled sufficiently by diet. There was 
‘ood representation of gender (48.3% women and 
7% men), age (mean 57, range 25 to 83) and 
tension status (55.4% normotensive and 
43.6% hypertensive) in the sample. 
Within 1 month of lovastatin therapy, total cho- 
lesterol was reduced 19% (from a mean of 269 to 
7 mg/dl, low-density lipoprotein (LDL) cholester- 
was reduced 27% (191 to 140 mg/dl), high-den- 
y lipoprotein (HDL) cholesterol increased 6% 
.6 to 45.1 mg/dl), the ratio of total cholesterol 
to HDL was reduced 24% (6.7 to 5.1) and the ratio 
of LDL to HDL was reduced 30% (4.7 to 3.3). 
These results were consistent across age group, 
sender and hypertension status, and were main- 
tained for a period of 6 months of therapy. 
Lovastatin was generally well tolerated. Of the 
489 patients enrolled, 449 (92%) completed 6 
months of therapy. Only 21 (4%) withdrew be- 
cause of adverse experience regardless of cause. 
None of the few serious adverse experiences (e.g., 
yocardial infarction) could be attributed to the 
drug: Abnormal laboratory values during the 6 
months of therapy were within expectations. Sev- 
ty-four patients had at least 1 abnormal value 
ring 6 months of treatment. Of these, 42 had at 
st 1 mild to moderate creatine phosphokinase el- 
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Efficacy and Tolerability of Lovastatin in a 
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evation during this period. Only 1 patient had an 
adverse change on ophthalmologic examination: a 
posterior subcapsular opacity in both eyes just visi- ‘ 
ble on 6-month examination. 
(Am J Cardiol 1990;66: 18-108) 


ith the availability of a variety of agent 

\ N that generally are effective in the managemen 
of abnormal serum lipids, and with evidenc 

from controlled clinical trials of the benefit of this man 
agement in the control of coronary artery disease (CAD 
interest in the control of blood lipids has been renewed 
Epidemiologic evidence of the importance of serum che 
lesterol in the evolution of CAD is now widely accep 
ed.!2 The major concern now is when and how to trea 
patients with abnormal blood lipids, rather than whet 
to treat them. 
A multicenter, 6-month, open-label study was co 
ducted to evaluate the efficacy and tolerability of lovasta 
tin, a 3-hydroxy-3-methylglutaryl coenzyme A (HMG 
CoA) reductase inhibitor, in the management of nonf: 
milial primary hypercholesterolemia. This study repor 
on the design and results of that study, with emphasis on 
age, gender and hypertensive status of the patients stud- 
ied. 


METHODS 
Design: The design was a multicenter, open-label 
prospective study involving 40 centers (Table I). On vis 
1, a complete history was taken and a physical evalu 
tion that included ophthalmologic examination was pei 
formed. Laboratory studies included a complete blood 
count with white blood count and differential; serum ele 
trolytes; blood chemistry including blood urea nitroge 
creatinine, glucose, serum glutamic oxaloacetic transa! 
inase, serum glutamic pyruvic transaminase, alkaline 
phosphatase, bilirubin, creatine phosphokinase and T 
serum lipid profile; urinalysis; and electrocardiogra 
On visit 2, patients older than 21 who were not r 
ing a cholesterol-reducing diet, and whose total chole 
ol level was between 240 and 300 mg/dl with (1) lov 
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density lipoprotein (LDL) cholesterol levels 2190, or (2) 
DL cholesterol levels 2 160 mg/dl with definite CAD or 
ther CAD risk factors, were given a standard choles- 
reducing diet and all lipid-lowering agents were 
idrawn for at least 6 weeks. 
After the diet-only (baseline) period, each patient’s 
jid profile was evaluated on visits 3 and 4. Patients with 
LDL 2190 mg/dl, or (2) LDL 2160 mg/dl with 
definite CAD or 2 other CAD risk factors, for whom 
er attempts to reduce serum cholesterol by diet and 
er nonpharmacologic measures alone were considered 
ufficient, were enrolled in the diet plus lovastatin treat- 
ment phase. A total of 489 patients were enrolled in the 
study. The initial dosage of lovastatin was 20 mg/day 
ith the evening meal. Patients continued on the choles- 
terol-lowering diet and were evaluated every month dur- 
ing the 6-month treatment period with lovastatin (visits 5 
to 10). Evaluations included clinical assessment, serum 
lipid profile, blood studies, and the recording of any ad- 
verse effects. On the last visit, an ophthalmologic exami- 
- nation was also performed. The dosage of lovastatin could 
be adjusted at monthly intervals according to the re- 
sponse of the patient, up to a maximum of 80 mg/day ina 
single dose or 2 equally divided doses with meals. 
Patients. were excluded if cholesterol was controlled 
diet alone, if they were hypersensitive to any compo- 
nt of lovastatin, if dietary therapy was impractical or 
dvisable (e.g., for certain malnourished or elderly pa- 
s), if they had active liver disease or unexplained 
istent elevation of serum transaminases, or if they 
e premenopausal unless surgically sterilized (tubal 
ion or hysterectomy). 
aid analysis: Serum lipids were measured at all 
Total serum cholesterol was measured by the meth- 
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scribed by Burstein et al. All lipid analyses were per 
formed by a central laboratory, SmithKline Bio-Science 
Laboratories, Van Nuys, California. 

Efficacy variables: The lipid variables under consid- 
eration were total cholesterol, LDL, HDL, very low den 
sity lipoprotein (VLDL) cholesterol, triglycerides, the 
tio of total to HDL cholesterol, and the ratio of LDL 
HDL cholesterol. Responses were defined as changes 
from baseline for these lipid variables. Baseline values 
were postdiet-only values. 

The changes observed after 1 month of lovastatin 
therapy were of primary interest. The maintenance of 
1-month changes over the entire 6-month treatment peri 
od were also of interest. 

Patient groups for analysis: Reduction in serum cho- 
lesterol for all the patients combined and the reductions in 
various subgroups were assessed. The subgroups ana 
lyzed were men, women, normotensive and hypertensiv 
patients, and 10-year age groups (e.g., 30 to 39, 40 to 49 
50 to 59, 60 to 69, 70 to 79). 

Statistical analysis: The paired ¢ test was used to tes 
whether cholesterol levels after lovastatin therapy showed 
significant improvement over baseline values. The twe 
independent sample ¢ tests and analysis of covariance 
were used to compare men and women. Changes from 
baseline were the dependent variables. The covariates 
employed were baseline cholesterol and age. The tw 
independent sample ¢ tests and the analysis of covariance 
were also used to compare normotensive and hypertensi' 
patients. The covariates employed were baseline choles: 
terol, age and gender. All tests were 2-tailed. The 1-w: 
analysis of variance was used to compare the increme: 
changes across age groups. The 0.05 level was used i 
cases for the declaration of statistical significance. 
Safety evaluation: At each monthly visit, 







































-detailed information on adverse effects obtained. / 


ca Gender, Age and Hypertension Status of Study l 
nts at Baseline (n = 489) 
No. of Pts. 


Missing 
.Mean + SD 


Hypertension status 
“> .Normotensive 


Hypertensive 
Missing 


Baseline: The study enrolled 489 patients with elevat- 
serum total cholesterol whose lipids were not con- 
led sufficiently by diet. There were 236 women 
3%) and 253 men (51.7%) aged 25 to 83 years (mean 
tandard deviation [SD] 57 + 11) (Table II). Of these, 
4% were normotensive and 43.6% were hypertensive 
tients. 
There was a high frequency of other cardiovascular 
risk factors in the patients studied (Table III). Two- 
jundred thirty-nine (48.9%) reported a family history of 


‘ABLE IH Coronary Risk Factors of Study Patients at 
Baseline (n = 489)* 


Family history of premature coronary artery disease 
No 239 48.9 
Yes 239 48.9 
“Cigarette smoking (more than 10 a day) 
No 402 
Yes 83 
Low HDL cholesterol (<35 mg/dl) 
No 66.3 
Yes 213 
Diabetes mellitus 
eNO 92.0 
Yes 7.4 
“History of definite cerebrovascular or occlusive peripheral 
«vascular disease 
No 432 
oo Yes 45 
Severe obesity (greater than 30% overweight) 
: 421 


82.2 
17.0 


TABLE IV Cholesterol data*: Baseline, One-Mon 
Lovastatin Therapy (Visit 5), and One-Month Change 
Visit 5— 
Baseline 
Adjusted 
Baseline Visit 5? . Mean’ p 


Total cholesterol 


LDL cholesterol 
Mean 
sD 
HDL cholesterol 
Mean 
SD 
Total /HDL cholesterol ratio 
Mean 
SD 
LDL/HDL cholesterol ratio 
Mean 
SD 
VLDL cholesterol 
Mean 
SD 
Triglycerides 
Mean 
SD 


* Units for all holesterol variables are mg/dl. 
? 488 patients.attended visit 5, For each of the t tests, data on at least 472 patients 
were available. 
* p levels are fer 2-tailed paired t test testing that 1 month increments are different 
than zero. 
HDL = high density lipoprotein; LDL = low-density lipoprotein; VEDE = very low 
density lipoprotein. 


premature CAD. Seventeen percent smoked cigaret 
21.3% had low HDL cholesterol (i.e., <35 mg/dl), 

had diabetes, 9.2% had a history of definite cerebrovas 
lar or occlusive peripheral vascular disease, and 10.8% 
were obese {i.e., at least 30% over ideal weight). rae 

Table IV. contains summary data for the baseline lipo- 
protein cholesterol values. Mean total cholesterol + SD 
was 269 + 27 mg/dl, mean LDL cholesterol was 191 + 
26 mg/dl and mean HDL cholesterol was 42.6 + 11 n 
dl. Mean ratio of total to HDL cholesterol was 6.67 + 
whereas mean ratio of LDL to HDL cholesterol was 4 
+ 1.3. Mean VLDL cholesterol and mean triglycerides 
were 35.6 and 178 mg/dl, respectively, with SDs of 16 
and 83 mg/dl, respectively. 

Withdrawals: The number of patients available for 
analysis at baseline and for each of the 6 months of 
therapy were 489, 488, 481, 474, 466, 464 and 449, re 
spectively. Forty patients (8%) did not complete the 
study. These are discussed in the section on safety. For 
the following, analyses were performed on all patients for 
whom data were available at the particular time point. 

Effectiveness at one-month of therapy—total 
group: After 1 month of therapy, data on 488 patients 
were available for efficacy analysis. Table IV lists lipo- 
protein cholesterol values after 1 month of- therapy, a1 d 
the changes from baseline to 1 month. All patients avail 
able for computation are included in Table IV; sam 
sizes vary since occasionally some lipid values wer 
obtained from blood samples. Total cholesterol ecrea 


i froma a baseline: mean sor 269 mg/dl to al- 





of 217 mg/dl, a highly significant decrease of 52 creased from 6.67 to 5.09 or 24%, the ratio 
/dl, or 19% (p = 0.0001). Changes in the other choles- HDL cholesterol decreased from 4.74 to 3.29 fc 
rol components were also all highly significant (p= crease of 30%, VLDL was reduced 3.7 mg/dl (10 
0001): LDL was reduced 51 mg/dl (27%) to a mean of triglycerides were reduced 18 mg/dl (10%). 
40 mg/dl, HDL increased from 42.6 to 45.1 mg/dl for a Six-month time course—total group: The |-mo 
6% increase, the ratio of total to HDL cholesterol de- _ results were sustained over the full 6 months of lovasta’ 


TOTAL CHOLESTEROL 


BASELINE 


MONTHS ON TREATMENT 


JRI 1. Total serum cholesterol response to lovastatin treatment over 6 months (mean + standard deviation). 


LDL-CHOLESTEROL 


BASELINE 


MONTHS ON TREATMENT 





through 5 plot mean vaines for total, reduction was attained, eu wil 
nd HDL cholesterol; the ratio of total to HDL apy, it was maintained. 
srol; and the ratio of LDL to HDL cholesterol, 
ively, during the 6 months of therapy. Lines repre- 
g the SDs are also shown in the figures. There were (78.6%) had levels <240 mg/dl after 1 month of 
significant changes from the 1-month results; once the Of 437 patients with LDL cholesterol = 2160. mg 


HDL CHOLESTEROL 


BASELINE 
MONTHS ON TREATMENT 


FIGURE 3. High-density wp (HDL cholesterol responna to lovastatin rested over © months (mean 1 standard dev 
JA 


TOTAL/HDL CHOLESTEROL 


BASELINE 





LDL/HDL CHOLESTEROL 


BASELINE 


lipoprotein cholesterol achieved-— 
tal group: At the end of 6 months of lovastatin therapy, 
.5% of patients with LDL cholesterol 2190 mg/dl 
ttained a goal LDL level (<160 mg/dl), while 51.8% of 
ents with LDL levels 2160 mg/dl and <190 mg/dl 
ained goal LDL (<130 mg/dl). Overall, 60.8% of pa- 
tients attained desirable goal LDL cholesterol levels. 
n dosage of lovastatin used was 37.4 + 19 mg/day. 
Efficacy results by gender: Lovastatin therapy was 
fective in both men and women. Table V lists the results 
of analyses by gender. For men and women, mean base- 
line cholesterol values and values after 1 month of lova- 
tatin therapy are listed. One-month changes adjusted for 
baseline and age are also listed. There were significant 
improvements in both genders (p = 0.0001) for all lipid 
components. There were no significant differences be- 
tween male and female patients’ responses to treatment 
except for HDL cholesterol. For this. variable, women 
wed an adjusted increase of 3.1 mg/dl compared with 
increase of 1.7 mg/dl in men (p = 0.03). The unad- 
ted changes are 2.6 and 2.3, which are not significantly 
ferent. For women with total cholesterol 2240 mg/dl 
‘baseline, 77% (167 of 218) had values <240 mg/dl 
thin 1 month; for men, 80% (170 of 211) achieved this. 
LDL cholesterol, 80% of women and 78% of the men 
LDL cholesterol 2160 mg/dl at baseline, values 
ere reduced to <160 mg/dl after 1 month of therapy. 
hese results were sustained an 6 months of therapy. 


TABLE V Cholesterol Data* by Gender: Baseline, One- 
Month After Lovastatin Therapy (Visit 5), and One Month 


Adjusted Changes (Adjusted for Baseline and Age) 


Baseline Visit 5' Adjusted Paired 
Mean Mean 


Total cholesterol 
Women 275 220 -51 
Men 264 215 -53 Ol 
p level: adjusted changes equal for women and men p = 0.11 005 
LDL cholesterol : 
Women 193 138 -53 
Men 189 141 -50 
p level: adjusted changes equal for women and men p = 0.20 
HDL cholesterol 
Women 46.3 48.9 +3.1 
Men 39.2 41.5 +17 
p level: adjusted changes equal. for women and men p = 0.03 i 
Total /HDL cholesterol ratio : 
Women 6.3 47 -1.6 
Men 7.0 5.4 -1.5 
p level: adjusted changes equal for women and men p = 0.13“ 
LDL/HDL cholesterol ratio 
Women 44 3.0 -1.5 
Men 5.0 3.6 -1.4 
p level: adjusted changes equal for women and men p = 0, 14, 
VLDL cholesterol 
Women 36 33 -3 
Men 35 31 0) 
p level: adjusted changes equal for women and men p = 0. 16- 
Triglycerides a 
Women 180 165 -15 
Men 177 157 -21 


plevel: adjusted changes equal for women and men p = 0.30 


= Unit for ali cholesterol variables is mg/dl : 
3 patients attended visit 5. For cach he tests and covariance 
472 patients were available. 
‘Abbreviations as in Table IV. = 













| TABLE VII Cholesterol Data by Age: Baseline, One Month | 
After Lovastatin Therapy (Visit 5), and One-Month Bea 
Visit 5 






VI Cholesterol Data” by Hypertensive Status: 
line, One-Month After Lovastatin Therapy (Visit 5), and 
jonth Adjusted Increments (Adjusted for Baseline, Age 
a Gender) 













Baseline Baseline-visit 5 




















—— m [ma P value ook 
Mean No. Mean No. Mean No...” ANOVA* | 


Total Cholesterol ee 






Visit 5— 
Baseline 
Baseline Visit5? Adjusted Paired t 
Mean Mean Mean Test (p) 

















otai cholesterol 
lormotensive 270 218 -52 0.0001 
. Hypertensive 268 217 —52 0.0001 























-p level: adjusted changes equal for normotensive and hypertensive 
p= 0.83 
DL cholesterol 
< Normotensive 194 143 -51 0.0001 
“Hypertensive ~52 0.0001 








HDL cholesterol 
_ Normotensive 42.4 444 +20 0.0001 
‘Hypertensive 43.0 459 +27 0.0001 
) level: adjusted changes equal for normotensive and hypertensive 































ops 0.24 
Total /HDL cholesterol ratio 
_Normotensive 6.7 5.2 -15 0.0001 
Hypertensive 66 5.0 —1.6 0.0001 
level: adjusted changes equal for normotensive and hypertensive 
p= 0.44 
LDL/HDL cholesterol ratio 
Normotensive 43 3.4 ~14 0.0001 









‘Hypertensive 46 3.1 -1.5 0.0001 
level: ee changes equal for normotensive and hypertensive 







level: adjusted changes equal for normotensive and hypertensive 
op =0.52 















Normotensive 168 153 -18 0.0001 
Hypertensive 191 171 =17 0.0001 
p level: adjusted changes equal for normotensive and hypertensive 
“fo p= 0.83 

© 2 * Unit for all cholesterol variables is mg/dl. 
1488 patients attended visit 5. For each of the ttests and covariance analyses. data 


rat least 467 patients were available. 
Abbreviations as in Table IV. 




























values at baseline, after 1 month of therapy and the 
changes after 1 month for all the lipid variables. The 
hanges are adjusted for baseline values, gender and age. 
n all cases, highly significant changes were observed 
after 1 month of therapy (p = 0.0001) compared with 
aseline and no significant differences were observed be- 
ween. normotensive and hypertensive groups after 1 
month. For normotensive patients with total cholesterol 
240 mg/dl at baseline, 77% (184 of 239) had a reduc- 
ion to <240 mg/dl after 1 month of therapy. For the 
ertensive patients, 80% (149 of 186) achieved this. 
or LDL cholesterol, 77% (190 of 247) and 80% (150 of 
87) of the normotensive and hypertensive patients, re- 
pectively, had LDL levels 2160 mg/dl at baseline and 
<160 mg/dl by the end of 1 month of therapy. 
Efficacy results——age groups: Patients were aged 25 
83 years (mean + SD 57 + 11). Analysis was per- 
rmed on subgroups according to age (20 to 29, 30 to 39, 
49, ... 80 and older). Table VII contains, for each 
roup, mean values at baseline, after 1 month of : 










































ee ANOVA = “Analysis s of variance testi isa est ofi caualty 0 of mean increments across ; 1 
-age groups: other ther abbreviations asin Table IV. ae ; 
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TABLE vin Withdrawals from Study Because of Adverse 
nical Experiences Regardless of Cause 


| Patient and Adverse Experiences 








x > Hair loss and itchy skin 
2. Nausea and vomiting 
“3... Generalized rash /itching 
4. Diarrhea 

- 5; Severe constipation /severe fatigue 

_ 6. ‘Moderate muscular weakness /aching of lower extremities 
Muscular pain across anterior chest wall /abdominal cramps 
8. Underwent surgery for left ovarian tumor 
z . . Abdominal cramps, nausea and dizziness 

-Intermittent diarrhea, abdominal cramps /slight chest 
-discomfort 
izziness and nausea 
atient Known to have coronary artery disease /had acute 
myocardial infarction and underwent coronary artery bypass 
oo Surgery. 
es Patient died of coronary artery disease /had previous bypass 
ie surgery /known to have coronary artery disease 
14... Cancer of prostate /underwent coronary artery bypass surgery 
15... Skin rash on chest and under eyes 
6, Nausea 
Headache, dizziness and nightmares 

_ Right costal chondritis 
9. Chest discomfort 
O. Cancer of breast after one month of therapy /patient underwent 
“surgery 
. Muscle ache and flu-like syndrome 




































g tal patients withdrawn = 21. 


i, and the changes after 1 month of therapy. The p 
els reported i in Table VII correspond to 1-way analysis 
variance comparing age groups performed on 1-month 
changes of the lipid parameters. For each age subgroup, 
> changes in all lipoprotein cholesterol variables are 
imilar to those observed for the combined data. The only 
riations noted for total, LDL and VLDL cholesterol, 
d triglycerides are at the extremes of the age groups 
i.e., in the 20 to 29 and 80 and older groups). However, 
sample sizes in these groups were small and generaliza- 
_ tions are therefore unwarranted. In general, lovastatin 
& therapy app appeared effective in all ages. 

Adverse effects——safety evaluation: There were no 
unusual or unexpected adverse effects attributed to lova- 
„statin in this study. Of the 489 patients enrolled in the 
study (i.e., those who received lovastatin therapy), 40 

8%) were withdrawn over the period of 6 months. Nine- 
teen patients were withdrawn for reasons other than ad- 
-verse experiences (i.e., protocol violations, noncompli- 
ance, or lost to follow-up). Twenty-one patients were 
withdrawn because of adverse experiences regardless of 
use (Table VIII). The serious occurrences (e.g., sur- 
gery for ovarian cancer, coronary artery bypass surgery, 
death from CAD, prostate cancer and breast cancer) 
were not attributed to lovastatin therapy by the investiga- 



















Overall, 85 patients (17%) had at least 1 clinical ad- 
experience during the 6 months of therapy (i-e., 
ed on visits 5 to 10). Table IX lists the categories of 
linical adverse experiences reported during the study 








gardiess of cause. There were only 5 complaints of _ 
algia or or r muscle cramps « over r mee entire c6 months of a 
Sos - vastatin in improving the blood lipid profile. It also 
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TABLE IX Clinical Adverse Experiences Rega diese of 
Cause* 





































Gastrointestinal 
(abdominal pain, diarrhea, nausea, 
constipation, gastric distress, vorniting) 

Musculoskeletal 19 
(myalgia, muscle cramps, chest discomfort, : 
fatigue, pain in extremities) 




























Nervous system /psychiatric 19 
(headache, dizziness, nervousness, insomnia) 

Skin 9 
(rash, pruritus, herpes, hair loss) 

Special senses 9g 


(blurred vision, watery or itching eyes, 
detached retina, earache, nosebleed, bad taste) 
Cardiovascular 10 
(coronary artery disease,myocardial infarction, 
coronary bypass surgery, shortness of breath, 
angina. atrial flutter) 
Genitourinary 7 
(cancer of the prostate, benign prostatic 
hypertrophy, urinary tenesmus, hematuria, 
cancer of the ovary) 
Miscellaneous. 6 
(cancer of the breast, acute gouty arthritis, 
chills and fever, cold sweats, nightmares, 
car accident) ; 
* Data in table correspond to number of times adverse experience category was. 


noted over 6 months of lovastatin therapy. 
Total number of patients with clinical adverse experience = 85, 






































Of the 489 patients, 74 (15%) had at least 1 labora 
ry value out of the normal range over the full 6 month 
therapy. Of these, 5 had values out of the normal range 
baseline examination, or were diabetic, thus explaining 
these abnormal values during the 6-month therapy peri 
od. There were 31 reports of mild to moderate elevation of 
liver function tests (serum glutamic oxaloacetic transam 
inase 3, serum glutamic pyruvic transaminase 12, alka: 
line phosphatase 13, and total bilirubin 3) during 
months of therapy. Furthermore, during 6 months of th 
study, 42 patients (8.5%) had mild to moderate elevated 
creatine phosphokinase (CPK). No patients with elevat- 
ed CPK exhibited clinical signs of myositis. The eleva- 
tions in liver enzymes and CPK were not considered to be 
clinically significant. On any particular visit, the number 
of laboratory values out of the normal range never ex- 
ceeded 20. 

Only 1 patient showed an adverse change on ophthal 
mologic examination: a posterior subcapsular opacity i 
both eyes just visible at 6-month examination. By the end 
of the study, 32 patients exhibited minor ophthalmologic 
changes observed in the slit-lamp examination. These 
changes were considered unrelated to the study drug. 

Because the study was uncontrolled, it is difficult t 
evaluate the results of these ophthalmologic: findings 
compared with those in a similar untreated patient popu: 
lation. 















































DISCUSSION ce 
-The results of this study confirmed: the well-est 
lished effi icacy of the HMG CoA reductase inhibi 














tensive patients taking antihypertensive therapy, 
which can unfavorably alter blood lipids. 

1¢ demonstration of efficacy in the elderly is impor- 
because patients in this group have a high absolute 
of CAD. The demonstration of the high efficacy in 
ypertensive patients has relevance because hypertensive 
ents have a greater than average prevalence of blood 
id abnormalities.’ Also, it had not been possible to 
ow any benefit of antihypertensive therapy against 
-AD in the presence of raised serum cholesterol.* The 
Jemonstration of equal efficacy of lovastatin in hyperten- 
and normotensive patients may have relevance in the 
anagement of patients with hypertension and hyper- 
lesterolemia. 

‘Following the National Cholesterol Education Pro- 
m Guidelines’ will require that a significant number 
patients be treated with drugs that are effective and 
ll tolerated. Optimal therapy requires that LDL cho- 
lesterol be lowered, HDL cholesterol raised, and total/ 
DL cholesterol reduced. In the present study, lovasta- 
tin appeared to fulfill this requirement. Furthermore, it 
peared to be usually well tolerated. Its effectiveness in 



































, beneficial findings to women, the elderly, and actually reducing CAD events and in retarding angio- 





graphically measured atherogenesis i is unde: 
tion. 
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.ovastatin has been available for prescription use 
in the United States for about 20 months (as of 
June 1989). Over 1 million patients have received 
the prescription drug, and approximately 14,000 
atients have participated in clinical trials. It is esti- 
mated that 500,000 patients have received lovasta- 
continuously for at least 1 year. This report re- 
s the extended safety experience from all clini- 
trials and prescription use. 

At least 645 patients have received lovastatin 
more than 3 years. There are new data from a 
‘recently completed 1 year, placebo-controlled trial 
1 8,245 patients (Expanded Clinical Evaluation of 
Lovastatin study) and 20 months of health profes- 
‘sionals’ reports on spontaneous adverse events as- 
sociated with large prescription usage. Data from 
recent large clinical trials suggest that the risk of 
myopathy and asymptomatic sustained liver trans- 
aminase elevations is less than reported in prior 
studies. The early clinical trials enrolled very high 
patients receiving lovastatin at a usual dose of 
mg/day and often receiving concomitant hypoli- 
roped agents including gemfibrozil and niacin. Af- 
ter more than 42 months’ long-term clinical trial 
experience, data have not established adverse ef- 
fects from lovastatin on the human lens. 

: Possible new types of rare drug-related adverse 
_events observed with large prescription use include 
hypersensitivity reactions such as arthralgia, 
thrombocytopenia, symptomatic hepatitis and in- 
teraction with warfarin. 

No new, unique adverse-event profile has 
emerged with extended clinical use, including use in 
-~ Aa few patients who have received therapy for more 
than 5 years. The lovastatin extended safety profile 
a is that of a generally well-tolerated drug. 

o (Am J Cardiol 1990;66:11B-15B) 


From Merck Sharp & Dohme Research Laboratories, West Point, 
Pennsylvania: 

Address for reprints: Geraldine Mantell, MD, Merck Sharp & 
tme Research Laboratories, West Point, Pennsylvania 19486. 


- Extended Clinical Safety Profile of Lovastatin 


Geraldine Mantell, MD, M. Theresa Burke, MD, and Joan Staggers, PhD 
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of hypolipidemic agents, the 3-hydroxy-3-methyl. 
glutaryl coenzyme A (HMG CoA) reductase in 
hibitors. Its mechanism of action is to partially inhibit 
an early step in cholesterol synthesis, yet permit enough 
mevalonate to be synthesized so that there is adequat 
cholesterol for cell membrane function and steroidogene- _ 
sis.! There is no interference in the late cholesterol path- 
way and thus no buildup of toxic metabolites such a 
occurred with triparanol (MER-29).? The drug appear: 
to be well tolerated and has potent cholesterol-lowering | 
efficacy. Its principal effect is to reduce low-density lipo- . 
protein cholesterol, which is considered to be the most 
atherogenic factor in the atherosclerotic process. It alsi 
modestly increases high-density lipoprotein cholestero 
At the full therapeutic dose (80 mg/day), lovastatin de 
creases low-density lipoprotein cholesterol levels 41% an 
increases high-density lipoprotein cholesterol levels.9 to. 
10%. Lovastatin has been available for prescription use 
for 20 months (June 1989). This report reviews the safet 
profile available as of June 1989. This information i 
from clinical trials and spontaneous adverse experience: 
reported to Merck Sharp & Dohme Research Laborato- 
ries. In the 20 months since the drug was introduced, 
approximately 1 million patients have received lovastati: 
by prescription, and approximately 500,000 of these pa: 
tients have received therapy for at least 1 year. Addition 
ally, approximately 14,000 patients have participaten 1 in 
clinical trials. 
Reports on spontaneous adverse experiences are regu 
larly reviewed by an internal safety committee at Mere 
Sharp & Dohme Research Laboratories. The pattern: 
adverse experiences and the frequency of reports associ 
ated with prescription use are monitored on a continuou 
basis. The data base from the ongoing review was sum 
marized after approximately 9 and 17 months of pre 
scription experience, when the total patient exposure was 
approximately 400,000 and 850,000, respectively. In ad 
dition, the frequency of the described adverse events wa: 
monitored further on a monthly basis until June 30, 1989 
to detect any increase in frequency of the reported’ ad. 
verse events or any new types of reported adverse events, | 
The clinically important adverse experiences continue — 

to be increases in liver transaminases and, though rare 
myopathy or rhabdomyolysis, or both. No evidence of an 
effect on the human lens is apparent to date from clinical 
trials or prescription use. Finally, rare, possibly drug 
related new adverse events, not seen in clinical trials, 
identified. It is usually impossible to see rare advers 
events in clinical trials because the number. of patient 
receiving the drug-is small compared with the ‘num! 
involved in pesna use, 


| ovastatin is the first approved drug in a new clas 

















Comments* 
(no. of pts.) 






None 
2 Primary biliary cirrhosis (1) 
11 Viral hepatitis (2) 
12 Gallstones (1) 
Hepatitis A (1) 
Septicemia (1) 
None 







_ Other conditions diagnosed that probably accounted for the enzyme elevations. 















REPORTS ON ADVERSE EXPERIENCES 
FROM CLINICAL TRIALS 

Long-term safety data: The original registration doc- 
ent included a cohort of 744 patients of whom approx- 
ately 650 have been followed for more than 3 years. 
he safety data for this patient population were summa- 
ed and first published in November 1988.4 Drug-at- 
itable adverse events that caused patients to be with- 
wn from this study before March 1988, the cutoff date 
the first published summary, include clinically impor- 
ymptomatic transaminase elevations (1.3%), rash 
%), gastrointestinal symptoms (0.3%), myopathy 
%) and insomnia (0.1%). 

In this ongoing study, patients have now completed 
re than 3 years of treatment as of June 1989 and will 
‘ollowed for a total of 5 years. Only 2 additional drug- 
ted adverse experiences have been reported since 
larch 1988 that have resulted in withdrawal of patients 
from the study.> One case of rash occurred, and 1 patient 
had sustained elevations in levels of transaminases (levels 
>3 x the upper limit of normal), which occurred after 
previous low-grade transaminase elevations in the first 
year of treatment. No additional cases of myopathy have 
been reported and no unique, new, adverse experience 
profile has emerged with long-term use of the drug. No 
ditional patients had therapy discontinued because of 
rointestinal symptoms or insomnia. 

e prevalence of lens opacities for the cohort of 454 
patients from phase III trials after a mean of 19 months 
of lovastatin treatment increased 1.2%. The expected age- 
related increase in prevalence of lens opacities is approxi- 
mately 2.5% for this time interval.4 These findings and an 
erver reliability study suggest that there is a great deal 
traobserver and interobserver variability in the slit- 
xamination.®’ Eight patients underwent cataract 
of whom had definite opacities at baseline. All 
ts were older than 60 years, an age when the 
lence of cataracts is high. 

The preliminary results ef an 8,245-patient, placebo- 
trolled, 48-week study (Expanded Clinical Evaluation 
astatin [EXCEL]), which is described elsewhere in 
supplement, show no evidence of an effect of lovasta- 
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Placebo 20qpm 40qpm 20bid 40 bid a 


Treatment Group 


FIGURE 1. Percent of randomized patients withdrawn from 
treatment for sustained transaminase elevations. 


tin on the human lens.° Additionally, a sophisticated pl: 
cebo-controlled, 2-year ophthalmologic study utilizing 
Scheimpflug and Neitz retroillumination photography is 
ongoing to add additional evidence that lovastatin has no __ 
effect on the human lens.® At this time, it is still recom- 
mended that slit-lamp examination be performed before 
starting treatment and at annual intervals thereafter. — 
Expanded Clinical Evaluation of Lovatatin study: 
Merck Sharp & Dohme Research Laboratories conduct- © 
ed a large, placebo-controlled, 362-site, double-blind trial 
in which 8,245 patients with total cholesterol levels be- 
tween 240 and 300 mg/dl (low-density lipoprotein cho- 
lesterol > 160 mg/dl) who were receiving a lipid-lowering 
diet were randomized to treatment for 48 weeks.’ Four 
therapeutic doses of lovastatin ranging from 20 mg with 
the evening meal to 40 mg twice daily were compared 
with placebo. Approximately 6,400 patients were ran- 
domized to receive lovastatin and 1,600 to matching pla- 
cebo. This study was completed in July 1989. The base- < <= 
line characteristics of the patient population are present- 
ed elsewhere in this supplement and preliminary. results 
have recently been presented.?:'° Complete reports of fi- 
nal results will be available in 1990. The 3 principal areas _ 
of safety concern with regard. to lovastatin are the liver, = 
muscle and lens; therefore, preliminary data obtained 
from the study concerning these organs will be presented S 
as part of the extended: ae ~~ le for lovast tatin. 
















z Sustained liver transaminase elevations from the pre- 
liminary unblinded data for the patients withdrawn from 
the study before completion in July 1989 are listed in 
Table I. A sustained transaminase elevation is defined as 
a level that is more than 3 X the upper limit of normal on 
2 repeat tests performed approximately 1 week apart. 
The estimated percentage of patients from this study with 
a sustained elevation in either alanine or aspartate amino- 
transferase levels, or both, is presented in Figure 1. The 
-incidence of clinically important asymptomatic transami- 
nase elevations in this 8,245-patient study was substan- 
ially lower than the incidence reported in the organized 
clinical trials (0.6 vs 1.9%, respectively). Most of the 
nts in the original clinical trials had plasma choles- 
‘ol levels well in excess of 300 mg/dl even though they 
re receiving a lipid-lowering diet and were receiving 
maximal therapeutic dose, 80 mg/day. The prelimi- 
nary distribution of sustained transaminase elevations in 
is large placebo-controlled study suggests a 
possible dose relation that is consistent with a mecha- 
nism-based effect. Only 1 patient who received 20 mg/ 
day ‘had clinically important liver transaminase eleva- 
ions that were considered to be probably drug-related. In 
another patient in the lovastatin 20 mg group, a liver 
biopsy spepcimen showed primary biliary cirrhosis; in 
‘etrospect, serum alkaline phosphatase levels were elevat- 
ed before treatment in this patient. 

_All patients with sustained transaminase elevations 
0 were withdrawn from this multicenter trial were 
asymptomatic, and their transaminase levels returned to 
rmal values, usually within a few days to several weeks 
after therapy was discontinued. A few patients, however, 
_ continued to receive lovastatin therapy; elevated trans- 
aminase levels also returned to values within normal lim- 
its in this group. However, at this time it is recommended 
hat liver enzymes be monitored before starting treat- 
_ ment and every 4 to 6 weeks during the first 15 months 
_ and periodically thereafter in all patients. 

-Tn this study, serum creatine phosphokinase elevations 
re routinely monitored to determine the incidence of 
_marked elevations and any clinical symptomatology asso- 
ciated with the elevations. A marked elevation was arbi- 
_trarily defined as a level >1,000 U/liter (5 X the upper 
imit of normal). The blinded data for patients with se- 
rum creatine phosphokinase levels >1,000 U/liter are 
listed in Table IT; in these patients, only 1 definite case of 
: myopathy was reported, in a patient who received lova- 
Statin 40 mg twice daily. This patient had acute cholecys- 
itis at the time of the clinical diagnosis of myopathy, and 
there may have been a common duct stone that interfered 
with biliary flow. Three other cases were reported in 
‘which the diagnosis was not clear and may represent 
_either myalgia or myopathy. Two of these patients con- 
inued in the study without further symptoms. No patient 
in this study developed rhabdomyolysis. Rhabdomyolysis 
is characterized by muscle. symptoms, myoglobinuria or 
ite renal failure, or a combination. Lovastatin was used 
$ the only hypolipidemic agent in this trial in patients 
Cceiving : a  Tipid-lowering dict who had total cholesterol 
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TABLE Il CPK Elevations (>1,000 U/l) on Two Occasions 
Approximately One Week Apart—Preliminary Data from the 
EXCEL Study 

















Estimated Incidence 
Through Week 48 (%) 





Cases 











Single elevations 


Sustained elevations 11* 0.1 











* Seven patients were withdrawn because of sustained elevations, 5 patients hat 
vague muscle aches. and 1 patient had definite myopathy. 2 
CPK = creatine phosphokinase. 











levels between 240 and 300 mg/dl. Virtually none of the 
patients in this placebo-controlled large study was receiv: 
ing cyclosporine therapy or concomitant gemfibrozil o 
niacin. 

Most hypercholesterolemia in the United States: pop- : 
ulation occurs at levels between 240 and 300 mg/dl. - 
Persons with hypercholesterolemia in this range should © 
be considered for drug therapy after an adequate trial o 
lipid-lowering diet fails to meet the desired goal currently 
recommended for optimal plasma cholesterol, i.e., 200 
mg/dl.'! The primary data from the 8,245-patient multi: 
center trial (EXCEL study) would suggest that such 
patients receiving lovastatin as the only hypolipidemi 
drug and not receiving concomitant immunosuppress 
therapy are at less risk for myopathy than the high-ris 
patients enrolled in the original clinical trials. These pa 
tients had a mean plasma cholesterol level of 359 mg/dl 

Lens examinations were performed in the EXC 
trial using a new classification system for describing le 
findings.’ The first 1,441 patients were analyzed in 
blinded fashion after 6 months of treatment, and reco 
ed changes were within the range of previously report 
reliability,’!° indicating the absence of a substantial shi 
in the distribution of lens findings. The examinations 
were done by the same observer in approximately 90% o 
patients. This is further evidence to suggest that lovasta- 
tin has not been established to have an effect on the 
human lens. 










































COMPARISON OF TYPES OF SPONTANEOUS 
ADVERSE EXPERIENCES REPORTED FROM 
PRESCRIPTION USE AND CLINICAL TRIALS 
Although it is not possible to estimate accurately the 
rate of spontaneous adverse experience reported from 
prescription use, the pattern of adverse experiences. seen 
with prescription use can be compared with that seen i 
clinical trials. Spontaneous reporting is influenced by 
many factors including length of time since introduction 
of the drug, amount of physician awareness and use of th 
drug, and the seriousness of the adverse experience. 
comparison of the distribution patterns from spontaneous 
reporting and from clinical trials suggests that the t: 
of adverse events from both sources are similar, 
Few new types of adverse experiences have bee: 
ported. The new adverse experiences include. hypers« 
sitivity reactions, symptomatic hepatitis, arthralgi 
thrombocytopenia and possibly interaction. with w 







































Lovastatin 
Gender 
Dose 





* Outcome reflects the patient's status as of the last report received. 
¿t Patient refused dialysis. 





‘NA = Not available. 


tin. These are rare events, as they were not reported in the 
original clinical trials, which enrolled a smaller number of 
patients. This is not unexpected as rare events usually 
become apparent only when large numbers of patients 
receive the drug such as has occurred in the extensive 
Prescription use of lovastatin. 





H IGHLIGHTS OF SPONTANEOUS ADVERSE 
(PERIENCE REPORTS FOR LIVER, 


The liver: The cause of each reported adverse event 
idered serious according to the Food and Drug Ad- 
tration reporting criteria cannot be determined un- 
echallenge is done. Pretreatment information was 
not included. The 49 cases of adverse experiences 
2 the liver that were considered serious were sub- 
to an outside hepatologist (W. E. Maddrey, MD) 
uation. Eight to 21 of the cases were considered to 
ossibly or probably drug-related depending on the 
reviewer; none was considered to be definitely drug-relat- 
ed. Follow-up was obtained in all but 1 of the cases 
believed to be possibly or probably drug-related. All had 
‘recovered or were recovering. There were reports of 2 
‘positive rechallenges (increase in levels of liver trans- 
_aminases on reinstitution of lovastatin). With few excep- 
_tions, the primary abnormality was hepatocellular. Liver 
_biopsy was performed in 7 patients and usually showed 
_fatty changes. Four reports included a cholestatic compo- 
“nent, 
_ Twodeaths related to liver disease were reported, both 
_of which were not considered to be drug-related. One of 
the patients with apparent cholestatic hepatitis died sud- 
_denly. The cause of death at autopsy was thought to be 
_arteriosclerotic heart disease. There was 1 report of liver 
‘necrosis in a patient with preexisting polycystic kidney 
disease who had been maintained on dialysis. The patient 
_had a history of multiple blood transfusions and devel- 
oped hypotension and sepsis. The attending physician 
ved that these factors were responsible for the ad- 
verse outcome. 

- We continue to evaluate the reports of hepatic adverse 
xperiences as part of our overall lovastatin postmarket- 


































BLE | Cases of Rhabdomyolysis with Lovastatin: Postmarketing Reporting as of March 1989 eS 
Time /Onset 


4 days/8mo 


+One patient was receiving both niacin:and cyclosporine concomitantly with lovastatin. 
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Outcome* 







Suspect 
Concemitant No. of ———. ; 
Medications Pts. Recovered Died) 


























Gemfbrozil 


Niacin 3? NA=3 
Cyclosporine 2? 

Erythromycin 2 

None 3 


Unknown 


ing surveillance. As of the end of June 1989, there was no 
increased frequency in reporting. “Hepatitis” and “cho- 
lestatic jaundice” have been added to the list of causally — 
related adverse experiences in the package. circular. 
“Hepatitis” is defined as clinically symptomatic transam- 
inase elevation(s), in contrast to the usual asymptomatic 
elevations already known to occur with lovastatin therapy 
from clinical trial experience. The 4 reports on “choles- 
tatic jaundice” showed a mixed cellular-biliary obstruc- 
tion pattern and included elevated bilirubin and alkaline © 
phosphatase levels as well as increases in transaminase — 
levels. Both of these adverse experiences (hepatitis, cho- 
lestatic jaundice) appear to be rare, judging by the small 
number of spontaneous reports received. In addition, no 
such event was reported from the 8,245-patient, placebo- 
controlled EXCEL study. 

Muscle: Seventeen reports of myopathy or myositis 
that were considered serious were received at Merck, 
Sharp & Dohme Research Laboratories by March 1, 
1989. Twenty-four cases of rhabdomyolysis, all serious, 
were reported in the same time period. The patients were | 
usually taking concomitant gemfibrozil, niacin or immu- 
nosuppressive therapy, or a combination. Sepsis was pres- 
ent in 2 cases. Although erythromycin was concomitant 
therapy in 2 reports, 2 additional reports in which differ- 
ent antibiotics were given as concomitant therapy have 
recently been received. Both additional patients had 
vere infections which may be the common factor in th 
antibiotic-associated cases that have been reported. ' 
demographics for the 24 patients with rhabdomyolysis 
are listed in Table III. This apparently rare adverse event 
has Ags increased in frequency as of June 1989. 

Lens: Fifty-four spontaneous reports describing lens 
opacities or cataracts, or both, observed after initiating 
lovastatin therapy, were received as of March 1989. The 
details were usually incomplete. Pretreatment examina- 
tion and the location of the opacity were not always 
reported. This number of reports is not large, given that — 
the mean age of the population receiving the drug is >60 
years, that a large number of patients received the dru 
and that the current label recommendation is to per! orm 
an annual Mitlamp examination. Furtherm 














































studied (aties et al, anpublished d: dan 1990) show that 
there is a high prevalence of lens opacities in this age 
group. Even with a doubling of prescription use, the fre- 
` quency of reported lens opacities has not changed in the 
-period covered. The information from prescription use for 
20 months (as of June 1989) continues to show that no 
causal relation has been established of an effect of lova- 
statin on the human lens.® 





















































REPORTS OF SPONTANEOUS ADVERSE 
PERIENCES OF CLINICAL IMPORTANCE 
OT REPORTED IN CLINICAL TRIALS 

is of March 1989, 25 spontaneous reports have de- 
ibed serious, possibly drug-related hypersensitivity re- 
s.° Included are 1 to a few reports each of angio- 
eurotic edema, urticaria, arthritis, arthralgia, antinucle- 
r-antibody-positive lupus-like syndrome, polymyalgia 
heumatica, leukopenia, thrombocytopenia and asthe- 
ia /fatigue. Causal relation has not been established in 
all reported cases. As with most drugs, hypersensitivity 
response to lovastatin appears to be a very rare adverse 
vent. 

Ten cases of a possible lovastatin-warfarin interaction 
ave been reported.° Although not noted in clinical trials, 
precautionary information is now in the package circular. 
< Overall, few new types of adverse experiences that 
differ from the adverse-experience profile seen in clinical 
als have occurred in spontaneous adverse experience 
rting to Merck Sharp & Dohme. Generally, these 
ew types of events appear to occur only rarely. 


ISCUSSION 

Lovastatin has received wide acceptance by the medi- 
il community and by patients with hypercholesterol- 
ia. After 20 months of prescription use, more than 1 
nillion patients have received the drug as of June 1989. 
Furthermore, approximately 500,000 patients have been 
taking the drug for at least 1 year. The generally good 
safety profile demonstrated in clinical trials is also seen in 
more extended use. Approximately 650 patients have re- 
‘ceived the drug for more than 3 years, and a few patients 
have received the drug for more than 5 years.'? Approxi- 
mately 6,400 patients received lovastatin in recommend- 
therapeutic dosages in the placebo-controlled, multi- 
nter EXCEL trial completed in July 1989. 

- This safety profile overview of lovastatin describes the 
adverse experience profile from clinical trials and sponta- 
neous reporting. Few new adverse experiences have be- 
ome apparent from large prescription experience that 
iffer from those observed in clinical trials. The most 
oteworthy adverse experiences continue to be asymp- 
tomatic liver transaminase elevations (reversible on dis- 
continuation of treatment) that are apparently dose-re- 
lated and possibly mechanism-based, and myopathy, 
hough rare, or the more serious rhabdomyolysis. Hepati- 
and cholestatic jaundice have also been rarely reported 
m prescription use but were not seen in the clinical 

conducted to date. 
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Preliminary data fron, a ee plac = 
clinical trial (EXCEL) show that lovastatin adr 
tered as the sole hypolipidemic agent and without 
nosuppressive therapy to patients with moderate iype 
cholesterolemia (240 to 300 mg/dl), has a good sa 
profi le. The incidence of sustained transaminase elev: 
tions (>3 times the upper limit of normal) is less than th 
cited in earlier studies and appears to be dose-related and 
possibly mechanism-based. Myopathy, when the drug 
used alone, is rare, with only 1 definite case reported in 
the large 8,245-patient EXCEL study. The patients r 
ported with rhabdomyolysis from postmarketing expet 
ence have usually been taking concomitant treatme: 
that included. gemfibrozil, immunosuppressive therap 
niacin and/or have had serious infections. ; 

Evidence from clinical trials to date, with a few ] pa 
tients receiving lovastatin for more than 5 years, demo: 
strates no effect of lovastatin on the human lens.'2 Several 
controlled clinical trials indicate that hypercholesterol- 
emic patients have a high incidence of lens opacities 
baseline and that no unexpected increase in incidence 
occurs with prolonged use of the drug beyond what would 
be expected with the increasing age of the patient.4° 


































CONCLUSIONS 4 
Lovastatin is generally well tolerated. A treatme 
that is easy to take and well tolerated has not been ava 
able previously to manage patients with hypercholesterol- 
emia. Lovastatin is an effective lipid-lowering agent. 
Extended clinical experience with lovastatin is no’ 
becoming available. The benefit-to-risk ratio continue 
be favorable. 
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nts with non-insulin-dependent diabetes melli- 
ave an increased incidence of coronary artery 
base which may, in part, be associated with ab- 
normalities in plasma lipids. In a double-blind, par- 
allel, randomized study, lovastatin and gemfibrozil 
. were compared in 102 diabetic patients with pri- 
_mary hypercholesterolemia; two-thirds of the pa- 
tients were treated with oral hypoglycemic agents 
_and one-third received diet therapy alone for their 
‘diabetes. Mean pretreatment total and low-density 
lipoprotein (LDL) cholesterol values were 273 and 
193 mg/dl, respectively. Lovastatin significantly 
reduced total, LDL and very low density lipoprotein 
cholesterol (20, 26 and 28%, respectively) and 
raised high-density lipoprotein (HDL) cholesterol 
4%). Gemfibrozil significantly reduced triglycer- 
and very low density lipoprotein cholesterol 
and 41%, respectively) and, to a lesser extent, 
total cholesterol (9%); it also increased HDL cho- 
lesterol (21%). Lovastatin therapy was not associ- 
„ated with a significant change in triglycerides, and 
_ gemfibrozil did not significantly lower LDL choles- 
terol. The decrease in the ratio of total to HDL cho- 
lesterol tended to be greater with lovastatin than 
with gemfibrozil (26.5 and 20.4%, respectively; 
p = 0.053). Changes in lipid profiles with both 
agents were of a degree similar to those reported in 
‘nondiabetic patients. Neither agent had a clinically 
important effect on fasting glucose or hemoglobin 
“Arc Both drugs were well tolerated with the excep- 
_tion of 2 patients treated with gemfibrozil who de- 
— symptoms of cholecystitis. 
. (Am J Cardiol 1990;66:16B-—21B) 
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: Comparison of the Effects of Lovastatin and 
a on Lipids and Glucose Control ii 
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here is an increased prevalence of elevated tri- 
f glyceride and depressed high-density lipoprotein 
(HDL) cholesterol levels in patients with non- © 
insulin-dependent diabetes mellitus (NIDDM).'-4 Al- 
though low-density lipoprotein (LDL) cholesterol levels 
are less affected by NIDDM, alterations have been dem- 
onstrated in LDL particle composition that render these 
particles possibly more atherogenic.>-’ Thus, the contri-  ~ 
bution of lipid disorders to the development of atheroscle- 
rosis in NIDDM may be enhanced by the effect of the 
diabetic state on lipoproteins in addition to abnormalities. 
in circulating levels of lipoproteins.’ It is therefore espe- 
cially important for these patients to maintain a desirable — 
lipid profile. Failure to achieve desirable plasma lipid 
levels through glycemic control and dietary modification 
is an indication for the use of lipid-lowering agents in 
these high-risk subjects.’ i 
Bile sequestrants and niacin are recommended for the . 
treatment of hypercholesterolemia. However, the segues- 
trants commonly cause constipation and tend to increase. 
triglyceride levels,'° which may already be elevated in _ 
patients with diabetes, and niacin may aggravate glucose _ 
intolerance.'' Alternative forms of drug therapy are. 
therefore needed. Lovastatin, the first marketed 3-hy- 
droxy-3-methylglutaryl coenzyme A (HMG CoA) reco 
ductase inhibitor, has been shown in nondiabetic subjects 
to be an effective and well-tolerated drug for the treat- 
ment of primary hypercholesterolemia.'2-'* Several | 
short-term studies have demonstrated similar properties 
of this agent in patients with NIDDM without any: evi~- 
dence of effects on glycemic control.!>~!6 a 
To further evaluate the utility of lovastatin in ‘the 
treatment of primary hypercholesterolemia in subjects _ 
with NIDDM, we have conducted a 24-week double- 
blind, multicenter trial of lovastatin compared with the 
fibric-acid derivative gemfibrozil. Gemfibrozil has tri; 
glyceride-lowering and mild cholesterol-lowering proper- > — 
ties and may rarely aggravate glucose intoleranoe, ab 































METHODS z 
Patients with primary hypercholesterolemia and oe 
NIDDM controlled by diet alone or by oral hypoglyce: Cae 
agents were counseled in the American Heart Associa- = — 
tion Phase I diet. After 4 weeks on the diet, patients were 
entered into an 8-week double placebo baseline period 
after giving written informed consent. One hundred and 
four patients aged 18 to 70 years at 11 sites met study 
criteria during the placebo baseline period and wereran- = — 
domized. Both LDL cholesterol levels at the beginning o 








































nd alter 6 wicks of placebo were required to be at least 
60 mg/dl if, in addition to diabetes, another risk factor 
escribed in the National Cholesterol Education Pro- 
gram Guidelines was present”; if no other risk factor was 
_ present, both LDL cholesterol levels were required to be 
at least 190 mg/dl. The LDL cholesterol levels at the 
beginning and after 6 weeks of placebo were also required 
to be within 10% of each other. Serum glucose levels on 
the same 2 occasions were each less than 200 mg/dl and 
veraged less than 180 mg/dl. Triglyceride levels were 
below 400 mg/dl, and there was no other secondary cause 
f hyperlipidemia such as nephrotic syndrome or insuffi- 
ciently treated thyroid disease. There was no evidence of 
nically significant hepatic or renal disease and no histo- 
allbladder disease. Concurrent treatment with oth- 
er lipid-lowering agents was not permitted at any time 
during the study. Other chronic therapy such as antiangi- 
| or antihypertensive treatment was permitted if the 
losage was constant. 
Patients were randomized to double-blind therapy of 
lovastatin, 20 mg, with the evening meal or gemfibrozil, 
300-mg capsules, 2 with the morning and 2 with the 
ening meal. All patients received placebo for the alter- 
te therapy. Therapy continued for 24 weeks with fol- 
low-up visits every 6 weeks. If the LDL cholesterol level 
emained higher than 160 mg/dl after 6 weeks of thera- 
the dose of lovastatin or its matching placebo was 
creased to 40 mg with the evening meal (two 20-mg 
lets). There was no change in the dose of gemfibrozil 
or its matching placebo. 
Patients presented to the clinic for each visit after a 
- to 14-hour fast and had blood samples obtained for 
measurement of lipid levels and routine testing for safety 
monitoring. Total and HDL cholesterol and triglycerides 
sre measured by standard techniques,'*-?° while very 
low density lipoprotein (VLDL) cholesterol and LDL 
- cholesterol were calculated.*! At the randomization and 
24-week visits, additional blood was obtained for determi- 
ation of VLDL cholesterol after isolation of VLDL by 
ultracentrifugation. The specimens were analyzed by 
mithKline Bioscience Laboratories, Van Nuys, Califor- 
nia. During the baseline period and at the end of the 
: study, physical examination and electrocardiography 
_ were performed, and patients were examined by an oph- 
halmologist with special attention paid to the examina- 
ion of the lens. Diet counseling was repeated, and diets 
-were periodically monitored by a dietitian throughout the 
dy. 
In the statistical analysis, percentagé changes from 
e of lipid variables, glucose arid hemoglobin Aic 
HbAj.). were evaluated using an intent-to-treat ap- 
ch. Thus, if data from a particular visit were missing, 
-were carried forward from the previous visit, as long 
data from at least 1 visit during the treatment period 
re available. Comparisons between groups were made 
ing a general linear model appropriate for unbalanced 
alysis of variance with model factors of treatment 
group (fixed effect), investigator (random effect) and 
interaction (random effect). The effect of age and 






































































er on the response to treatment was not. considered a 
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TABLE! Baseline Characteristics ` 


-Lovastatin 







































































No. of pts.* 50 
Sex (male / female} 23/27 
Age (range in years) 32-88 
Oral agent [n(%)} 35 (70%)? 
Diet (n[%}} 15 (30%) 
Fasting blood sugar (mg/dl) 170+ 44 
Hemoglobin A;. (% of total) 6641.3 
(normal 3.6-6.1%) (n = 50) 
Total cholesterol (mg/dl) 272 + 36 
(n = 50) 
LDL cholesterol (mg/dl) 189 + 35 
(Friedewald, TG < 400 mg/dl) (n = 46) 
LDL cholesterol (mg/dl)’ 194.0 + 31.9 
(with VLDL by ultracentrifugation) (n = 42) 
<190 mg/dl (n[%]) 24 (53%) 
2190 mg/di (n[%]) 21 (47%) 
TG (mg/d) 202 + 114 
(n = 50) 
HDL cholesterol (mg/dl) 42+10 í 
(n = 50) maiyot 
VLDL cholestero! (mg/dl)! 36.1421.4 39.6425.3 
(ultracentrifugation) (n = 42) (n = 38) 
* Two additional patients entered but had no efficacy data and are excluded from 


analyses. 
t Lipid values from 1 patient who developed severe hypertriglyceridernia ne 
gemfibrozil treatment are excluded from mean lipid values. 
? Number {percent} or mean + standard deviation, as noted. 
§ Three patients with variant hemoglobins are excluded. 
* VLDL by ultracentrifugation was not available for some patients. 
HDL = high- density lipoprotein; LDL = low-density lipoprotein; TG = triglycerid 
VLDL = very low density lipoprotein. 












for this initial analysis. When no significant (p <0. 
interactions were found, a main-effects model was fitte 
using Henderson’s method” of fitting constants (Statist 
cal Analysis System, Cary, North Carolina [SAS] sof 
ware package type II sums of squares). If the interacti 
was significant, Yates squares of means (SAS type IH 
sums of squares) was used to fit the model. For categoric 
data, the comparisons between treatment groups we 
made using the Fisher exact test. The Wilcoxon’s signed- 
rank test was employed for within-group comparisons, 
All tests were performed at a = 0.05 (2-tailed). P values 
>0.05 but <0.10 were also noted. P values 20.10 were 
noted as not significant. 













RESULTS 

Of 104 patients entered, 102 met entry criteria and 
had data from at least 1 visit after randomization avail- 
able for analysis. Fifty patients were randomized to lova- 
statin and 52 to gemfibrozil therapy. Forty-five patients 
taking lovastatin and 48 patients taking gemfibrozil com- 
pleted 24 weeks of therapy. The 2 groups were similar at _ 
randomization; baseline characteristics are listed in Table 
I. The lipid values before and at the end of treatment and 
the percent changes are listed in Table TI. One patient 
treated with gemfibrozil gained 40 pounds and developed 
severe hypertriglyceridemia (triglycerides 4,170 mg/¢ 
total cholesterol 594 mg/dl, VLDL cholesterol by ultr 
centrifugation 296 mg/dl and HDL cholesterol 291 
dl) and was excluded from lipid analyses; 
sions, however, were not changed when 
included i inthe analyses. Thus, data were avai 

















: ABLE i Lipid Values 















p Value Ez 





Change % 
No. Baseline nn ne (rom 
Treatment of Pts.* Mean SD Mean æD Mean SD Baseline) 














-LDL cholesterol Lovastatin 




















(mg/d) Gemfibrozl 38 192.0 l 
‘otal cholesterol Lovastatin 50 2719 36.1 216.7 38.0 -20.0 12.0 <0.01 <0.01 
(mg/dl) Germfibeozil 51 274.3 34.3 255.2 47.4 -6.8 14.2 <0.01 
‘HDL cholestero! Lovastatin 50 42.1 9.8 47.2 13.7 13.6 33.3 <0.01 NS 
- (mg/dl) Gemfibrozil 51 418 9.7 49.5 118 21.3 31.9 <0.01 ; ; 
VLDL cholesterol Lovastatin 42 36.1 21.4 249 18.5 —27.9 43.0 <0.01 NS : 
-ultracentrifugation Gemfibrozil 38 39.6 25.3 211 16.0 —41.1 34.1 <0.01 ey 
< oo (mg/d) ; 
: Triglycerides Lovastatin 50 202.3 114.4 190.2 119.0 18 58.9 NS <0.05 
ii (me/dl) Gemfibrozii 51 217.2 125.5 123.0 57.4 ~36.0 24.6 <0.01 i 
-TC/HDL ratio Lovastatin 50 6.8 1.8 49 1.5 —26.5 16.5 <0.01 =0.053 
$ Gemfibrozil 51 69 15 54 14 -204 156 <001 i 3 








* One patient was excluded because of triglycerides >4.000 mg/dl during gemfibrozil treatment. 





_ patients treated with lovastatin and 51 treated with gem- 
_fibrozil. Measured VLDL cholesterol values (done at 
baseline and at week 24) and the LDL cholesterol results 
calculated from these data were available for 42 patients 
reated with lovastatin and 38 patients treated with gem- 
brozil. 

Both drugs significantly lowered total cholesterol lev- 
(p <0.01). Lovastatin, but not gemfibrozil, signifi- 
ntly lowered LDL cholesterol levels (p <0.01). The 
lecreases in mean total and LDL cholesterol in the lova- 
tin group (20 and 26%, respectively) were significantly 
greater (p <0.01) than those in the gemfibrozil group (7 
nd 1%, respectively). Twenty-one patients treated with 
- lovastatin and 19 patients treated with gemfibrozil had 
` LDL cholesterol levels at randomization 2190 mg/dl; in 
18 patients in the lovastatin group and in 16 patients in 
the gemfibrozil group, treatment as well as baseline val- 
“ues were available. Among these 34 patients, significantly 
more patients treated with lovastatin (72%) had final 
















| TABLE Ill Lipid Values in Diet Controlled Diabetics 





No. Baseline 


Treatment Mean 





| LDL cholesterol Lovastatin 






E (mg/d) Gemfibrozil 10 186.2 
Total cholesterol Lovastatin 15 270.1 

(mg/dl) Gemfibrazil 14 260.7 
HDL cholesterol Lovastatin 15 40.5 


Gemfibrazil 





Lovastatin 
Gemfibrozil 









Lovastatin 
Gemfibrozil 


Lovastalin 
Gemfibrozil i 






moe ratio 









Abbreviations asin Tables f ang b 








ae NS = not significant; SD = standard-deviation; TC/HOL ratio = the ratio of total cholestero! to high-density cholesterol: other abbreviations as in Table 1. 









23.9 
42.9 
26.0 


12.1 














iy Gre re was excluded because rtriglycenides >4,000 mele saree gerne treatment. : ears 
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LDL cholesterol levels <160 mg/dl compared sith 0 pa- 
tients treated with gemfibrozil (19%) (p <0.01). Similar- 
ly, within this subgroup, more patients treated with lova- 
statin had 220% reduction in LDL cholesterol than pa- 
tients treated with gemfibrozil (94 vs 25%, respectively) 
(p <0.01). After 6 weeks of therapy, LDL cholesterol was 
calculated using the Friedewald equation?! (LDL choles- 
terol = total cholesterol — HDL cholesterol — — triglycer- 
ides + 5) since VLDL cholesterol was not measured using 
ultracentrifugation at this visit. Half the patients treated 
with lovastatin, 20 mg once daily, had LDL cholesterol 
values that were <160 mg/dl and, therefore, did not 
require titration to 40 mg once daily. This is significantly 
greater (p <0.01) than the 15% of patients treated with — 
gemfibrozil, 500 mg twice daily, who had LDL cholester- 
ol values <160 mg/dl and did not require titration of the | 
placebo matching lovastatin. 

Both drugs increased HDL cholesterol levels 
<0.01). There was no significant difference in the effec 















pValue | 
(Between) | 
Groups) | 


Change % 
(from 






Mean SD 











22.6 







24.4 NS 











183.0 30.4 -0.8 ; 

224.5 398 -16.5 120 <001 = 0.05 

254.1 43.3 -2.1 16.2 NS ; 
50.5 18.7 29.7 554 






<0.01 NS 
52.6 


28.7 
20.7 


13.5 


19.3 
20.4 
























181.6 
119.4 


49 
5.1. 


103.8 
515 
1.7. 
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ABLE IV Lipid Values in Patients Taking Oral Hypoglycemic Agents 


Baseline 


Treatment Mean 


LDL cholesterol 
 (me/dl) 

Total cholesterol 
— (mg/d) 

IDL cholesterol 

< (mg/dl) 

VLDL cholesterol 
-< cultracentrifugation 


Lovastatin 
Gemfibrozil 


Lovastatin 
Gemfibrozil 


Lovastatin 
Gemfibrozii 


Lovastatin 
Gemfibrozil 


Lovastatin 
Gemfibrozil 


Lovastatin 
: Gemfibrozil 
‘Abbreviations as in Tables | and Il. 


_of the 2 drugs on HDL cholesterol levels. Although both 
drugs decreased the total/HDL cholesterol ratio, the de- 
crease tended to be greater with lovastatin (p = 0.053). 
_ Both lovastatin and gemfibrozil significantly lowered 
: VLDL cholesterol levels (28 and 41%, respectively, p 
<0.01 in each group compared with baseline). There was 
significant difference in VLDL cholesterol levels be- 
n the lovastatin and gemfibrozil groups. However, in 
th groups, triglyceride and VLDL cholesterol levels 
re highly variable at baseline and during the study. 
Only gemfibrozil reduced triglyceride levels significantly 
36%, p <0.01). The decrease in triglyceride levels was 
ignificantly greater with gemfibrozil than with lovasta- 
(p <0.01). There were 35 patients in the lovastatin 
‘oup.and 34 in the gemfibrozil groups with triglyceride 
els <400 mg/dl in whom VLDL levels were measured 
ultracentrifugation at baseline and during treatment. 
e ratio of VLDL to triglyceride would be expected to 
0.2.2! At baseline, it was 0.168 + 0.03 (mean + stan- 
rd deviation) in the lovastatin group and decreased 
24 weeks of treatment to 0.126 + 0.04, a decrease of 
6 + 22.0% (p <0.01). In the gemfibrozil group, the 
ratio at baseline was 0.167 + 0.05 and decreased to 0.138 
+ 0.04, a decrease of 11.7 + 27.5% (p <0.05). The 
lovastatin group tended to have a larger decrease in the 
ratio of VLDL to triglycerides (p = 0.09), suggesting a 
larger reduction in cholesterol than triglyceride in VLDL. 


ABLE V Glucose Control 


Baseline 


Treatment Mean 


Lovastatin 50 
Gemfibrozil 52 


Lovastatin* 49 
Gemfibrozilt os AD 


z EuN was not measured in 1 patient during treatment. : 
Three patients with variant hemoglobins were excluded from ess “OF HbA. 


de Fasting blood 
2 glucose (mg/dL) 


Mo 


Change % p Value 


(from 


Mean SD Baseline) 


In the lovastatin-treated group, 15 patients had diabe- 
tes controlled with diet and 35 were taking oral agents. 
the gemfibrozil group, 15 had diabetes controlled with 
diet and 37 were taking oral agents. The lipid changes i 
these groups were generally similar to each other and to 
the group as a whole with the following exceptions: The 
decrease in total cholesterol from baseline did not reac 
significance in the small number of patients controll 
with diet who were treated with gemfibrozil, and th 
decrease in VLDL cholesterol was of significance 
<0.05) with lovastatin and of borderline significance 
gemfibrozil (p <0.08) in these patients (Tables III an 
IV). There was no significant difference between lov: 
tin and gemfibrozil in glucose control during therapy 
assessed by evaluation of the change in fasting glucose 
values and hemoglobin Aie from baseline to the end of 
treatment (Tables V, VI and VII). sa 

Patients were questioned for adverse experiences at 
each visit. Both drugs were well tolerated. There were r 
serious clinical or laboratory adverse experiences in pa 
tients receiving lovastatin. One patient who received gem 
fibrozil developed confirmed cholecystitis and anoth 
developed an increase in liver enzymes with jaundice 
(maximal bilirubin 6.1 mg/dl) at the end of therapy, 
which resolved within a few weeks and was possibly due 
to gallbladder disease. One patient taking gemfibrozil 
developed a perforating ulcer and 1 required a mastecto- 


pValue 
(from 
Baseline) 


Change % 


Mean SD 


ste: There was no significant difference between treatment t groups in e e chare Tr trom baseline fee fasting blood sugar and HbAic c 


HbAic = = hemoglobin. ae other abbreviations asin i Table i 
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TABLE VI Glucose Control ir: Diet-Controlled Diabetics 


No. Baseline 


Treatrrent of Pts. Mean 








Lovastatin 
Gemfitrozil 15 
Lovastatin 
Gemfibrozil 


Fasting blood 
glucose (mg/dL) 





129.3 











* HbA; was not measured during treatment in 1 patient. 


Abbreviations as in Tables li and V. 









my for breast cancer which, in all probability, had existed 
fore treatment. There was no lens change associated 
th a change in visual acuity noted in lovastatin-treated 
patients. One patient who was treated with gemfibrozil 
had a unilateral decrease in:visual acuity with worsening 
of a lens opacity. Elevations in creatine phosphokinase 
values to > 1,000 IU /liter were seen in 3 patients: 2 taking 
_ gemfibrozil and 1 taking lovastatin. No patient had signs 
_of myopathy, and all CPK levels returned to baseline 
thin a few weeks during continued therapy. At alloca- 
_ tion, 1 additional patient had a creatine phosphokinase 
value >1,000 IU /liter, which declined during gemfibrozil 









“The results of this multicenter study involving 102 
jects demonstrate that lovastatin is a well-tolerated 
d effective cholesterol-lowering agent with a good safe- 
profile in patients with well-controlled NIDDM and 
| primary hypercholesterolemia. At a daily dose of 20 to 40 
mg, lovastatin reduced total and LDL cholesterol by 20 
. and 26%, respectively. Compared with gemfibrozil, lova- 
statin had a significantly greater cholesterol-lowering ef- 
“fect, This was especially evident when comparing the 
-LDL-lowering effect of lovastatin and gemfibrozil among 
patients whose LDL cholesterol was >190 mg/dl. The 
_degree of reduction in total and LDL cholesterol by lova- 
statin was similar to that reported in nondiabetic pa- 
-tients.*-!° In addition to its LDL-lowering efficacy, lova- 
_ statin treatment may offer an additional theoretical ad- 
vantage of accelerating therate of removal of LDL from 
he circulation, thereby reducing LDL particle exposure 
the modifying effects of the diabetic milieu, e.g., glyco- 
_Sylation. 3-7,23 

| In contrast, gemfibrozil led to a greater reduction in 
plasma triglyceride levels (excluding 1 patient with severe 







No. Baseline 


Treatment of Pts. Mean 


Fasting blood 
„glucose (mg/dL) 
HbA ne) 


Lovasiatin 
Gemfidrozil 37 162.9 


Lovasiatin 35 69 
Germfibrozil 








Abbreviations, as in Tables i and y: : 


SD Mear SD 


31.4 


“Note: There was no significant differense between treatment groups in the change from baseline for fasting blood glucose or HbArc. 


: E TABLE Vil Glucose Control in Patients Taking Oral Hypoglycemic Agents 


Change % p Value .. 
e SSS (rome 
so Mean sD Mean sD Baseline): -| R 


41.2 


ee E with variant hemoglobins were excluded from analysis of HAS ee ee 
: There was no significant differesce between treatment i de inthe e change from i vaseline tor festnglood sugar or Hote: 2 
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155.6 63.8 22. 3 54.4 
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weight gain and hypertriglyceridemia). However, both 
drugs caused a similar reduction in VLDL cholesterol 
values. Although detailed lipoprotein composition was __ 
not measured in this study, these data suggest that lova- 
statin was more effective in reducing the concentration of 
cholesterol-enriched lipoprotein subpopulations in the ul- 
tracentrifugation fraction with density less than 1.006 g/ 
ml. This is consistent with the known mechanisms of © 
action of these drugs on triglyceride-rich lipoprotein 
metabolism. Gemfibrozil stimulates the lipolytic. cas- 
cade,”425 whereas lovastatin enhances the removal of ath- 
erogenic chelesterol-rich VLDL remnants, the concen 
tration of which is known to be increased in these | pa- 
tients,!° threugh the B, E-receptor.” 

Lovastatin and gemfibrozil both led to an increase in 
HDL cholesterol concentrations similar to that reported ; 
in nondiabetic subjects.'*-'*'’ The mode of action by 
which gemfibrozil raises HDL levels is also thought to 
related to the activation of lipolysis leading to transfer of 
surface material from triglyceride-rich lipoproteins into 
the HDL fraction.*4 Because lovastatin does not appear 
to stimulate this pathway, its effect on HDL probably — 
involves a different mechanism. Both drugs produced. 
reductions in the total/HDL cholesterol ratio, although 
the reduction tended to be greater with lovastatin due to 
its greater effect on cholesterol. This ratio correlates well 
with a reduction in the cardiovascular morbidity and 
mortality in intervention trials.?”-3? 

Both agents were well tolerated. One patient who’ wi 
treated with gemfibrozil developed definite symptomatic 
gallbladder disease and another developed possible chole 
cystitis. This effect has been previously reported with 
gemfibrozil in nondiabetic patients.*? Given the increased. 
frequency of silent cholelithiasis in diabetes,” it is possi- 
ble that these patients had clinically undetectable gall- 
stones before study entry since ultrasound evaluation was > 
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ot required for admission. None of the 3 patients with 
creatine phosphokinase elevations in this study had symp- 
toms, and all cases resolved during continued therapy. 
-Although several drugs are available for the treatment 
of hypercholesterolemia in patients with diabetes, adverse 
ffects limit their application and safety. Among these is 
the reported aggravation of glucose intolerance by niacin 
and fish oil. In this respect, lovastatin was shown to be 
without any deleterious effect. 
` Subjects with diabetes have an increased incidence of 
lens cataracts, and 1 study of lovastatin in dogs had 
-suggested that the drug may predispose to the formation 
of posterior capsular opacities at very high doses (over 60 
imes the maximal human therapeutic dose). No lens 
opacification was noted with lovastatin treatment during 
duration of the study. 
_ The results of this study show lovastatin to be a well- 
lerated drug in patients with NIDDM for the treatment 
_of primary hypercholesterolemia. It was more effective 
than gemfibrozil in reducing LDL cholesterol and the 
ratio of total to HDL cholesterol. Both drugs had favor- 
able effects on HDL and total cholesterol levels. 
In addition to producing substantial reductions in 
LDL cholesterol, lovastatin apparently reduces the 
amount of cholesterol compared with triglyceride in lipo- 
proteins, which might possibly reduce the levels of poten- 
ially atherogenic remnant lipoproteins.'? Further work is 
jed to substantiate this possibility. 
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A multicenter study was undertaken to compare 
effects of lovastatin (given in 4 different dosage 
ens) and probucol in patients with severe pri- 
hypercholesterolemia. The subjects were 290 
} taking lipid-lowering diets who were ran- 
assigned to 1 of the following treatment reg- 
s for 14 weeks: lovastatin, 40 mg once a day 
with the morning meal (qam); lovastatin, 40 mg 

e a day with the evening meal (qpm); lovastatin 
mg qpm; lovastatin, 40 mg twice daily, or pro- 

|, 500 mg twice daily. One-third of the patients 
ived probucol, and the other two-thirds were 
ally divided between the 4 lovastatin treatment 

ups. The mean reductions in total cholesterol in 
groups were, respectively, 20, 25, 30, 33 
10%. The corresponding values for low-density 
protein cholesterol were 25, 32, 37, 40 and 

%. High-density lipoprotein cholesterol increased 
9 to 12% in all the lovastatin groups, but de- 

by 23% in the probucol group. Triglycer- 
ides were reduced by 17 to 25% in all the lovasta- 
tin groups, but did not change significantly in the 
probucol group. Both drugs were well tolerated; no 
serious adverse events could be attributed to either 
agent. It is concluded that lovastatin is a considera- 
bly more effective lipid-lowering agent than probu- 
col. In addition, lovastatin is almost as effective 
when given in a single daily dose as when given in a 
divided dose. When a once-a-day regimen is used, 
lovastatin is more effective if taken in the evening 
ather than the morning. 

(Am J Cardiol 1990;66:22B-30B) 
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ypercholesterolemia (or, more accurately, an ele- 
He= low-density lipoprotein [LDL] cholesterol. 
level) is a well-known, major risk factor for the 
development of ischemic heart disease. Moderate hyper-. 
cholesterolemia can often be controlled by dietary thera 
py, but typical lipid-lowering diets reduce serum choles- 
terol by only approximately 15%.' Dietary therapy a 
therefore, is usually insufficient as the sole interventior 
for patients with substantially elevated serum cholestero 
levels. 
Lovastatin (previously known as mevinolin)- a poten 
inhibitor of hydroxy-methylglutaryl-coenzyme A reduc 
tase, is available for prescription in Canada, the United | 
States and several other countries. The effectiveness of 
lovastatin as a lipid-lowering agent in familial and non- 
familial hypercholesterolemia has been well documented 
in multicenter trials*?; recently, another multicenter > 
study showed that this drug is more effective and better . 
tolerated than cholestyramine.* A fourth multicenter. 
study showed that lovastatin reduced total and LDL 
cholesterol more effectively than gemfibrozil; gemfibro 
zil, on the other hand, produced greater reductions in 
triglyceride levels and increases in high-density lipopro- = 
tein (HDL) cholesterol levels than lovastatin. 
The multicenter study reported here compared lova- 
statin with probucol in a double-blind, controlled fashion. ~ 
The efficiency of different lovastatin dosage regimens 
was also investigated. Previous studies’? had suggested 
that lovastatin is slightly more effective when given in | 
divided doses, compared with a single daily dose and that — 
a single daily dose is more effective if given in the evening _ 
rather than the morning.‘ Results from 1 of the 13 centers _ 
participating in this trial (Helsinki University Central 
Hospital) were published previously,’ and preliminary 
data from the Canadian centers have been published in 
summary form.’ This paper gives a complete account of oe 
the study. eee tes 





METHODS ey alte 
Subjects: Each of 13 clinical centers contributed. St tooo. 
60 patients, for a total of 290 patients. The subjects’ age 
range was 23 to 69 years (mean 50), and 68% were men. __ 
All patients had primary hypercholesterolemia, with ele 
vated LDL cholesterol levels and normal triglyceride con- 
centrations (type Ia phenotype) or with. mild hypertri- 
glyceridemia (type lb phenotype).* The patients were 
high risk for myocardial infarction by virtue of meetin 
of the following c criteria: (1) LDL cholesterol level > / r 









mmal /liter while receiving a standard lipid-lowering diet 
nd evidence of significant coronary atherosclerosis (a 
positive exercise stress test result, angina pectoris, a histo- 
ry of myocardial infarction, coronary bypass surgery, an- 
gioplasty or coronary stenosis demonstrated on angiogra- 
phy, or both); (2) LDL cholesterol level >4.91 mmol/ 
liter while on a diet and (a) currently smoking > 10 ciga- 
rettes per day, (b) history of ischemic heart disease before 
age 60 years in 1 or more parents or siblings, or (c) 
peripheral vessel atherosclerosis demonstrated by bruits, 
ultrasound or angiography; or (3) LDL cholesterol level 
>5.56 mmol/liter while on a diet. 
_ The principal exclusion criteria were as follows: pre- 
lopausal status in women, unless highly unlikely to 
ceive; a triglyceride level >3.95 mmol/liter, alcohol 
take of >10 drinks per week, impaired hepatic function 
ubnormal results of liver function tests; myocardial 
ction or coronary bypass surgery within the previous 
ionths; or diabetes mellitus or glucose intolerance, 
defined as a fasting glucose level >7.8 mmol/liter. 
Procedures: At least 6 weeks before the start of the 
study, the patients were withdrawn from all lipid-lower- 
ing drugs and given either the American Heart Associa- 
tion phase I diet or a more rigorous diet. They continued 
with dietary therapy (with regular visits to a dietitian for 
“reinforcement of nutritional advice) throughout the 
study. All subjects received placebo that matched lova- 
tin capsules and placebo that matched probucol tablets 
r 4 weeks (weeks —4 to 0) in a single-blind fashion. The 
atients were then randomized to 1 of 5 treatments after 
having been stratified by diagnosis; those believed to have 
familial hypercholesterolemia formed stratum I and all 
others (including those believed to have familial com- 
bined hyperlipidemia) formed stratum H. Because of the 
ifficulty of diagnosing familial hyperlipidemias in some 
cases, the best judgment of the clinician applied. The 
~ purpose of the stratification was to reduce the chance of 
-~ obtaining significant differences in the baseline lipopro- 
© tein values of the 5 groups. The randomization schedule 
> was organized in blocks of 5, so as to ensure that within 
each center the number of patients in each group was 
‘approximately equal. Lovastatin capsules and its placebo 
were formulated by Merck Sharp & Dohme Research 
Laboratories (Rahway, New Jersey). Probucol and its 
placebo were supplied in capsules by Merrell Dow Phar- 
< maceuticals Inc. (Cincinnati, Ohio). 
. Patients were treated for 14 weeks with 1 of 5 thera- 
peutic regimens: probucol, 500 mg twice daily; lovastatin, 
_ 40 mg once a day with the morning meal (qam); lovasta- 
in, 40 mg once a day with the evening meal (qpm); and 
lovastatin, 80 mg qpm or lovastatin, 40 mg twice daily. 
Lovastatin was supplied as dry-filled capsules and probu- 
<col as tablets. The double-dummy technique was used to 
render the study double blind: patients randomized to 
lovastatin capsules also took a placebo tablet matching 
probucol twice daily, and those randomized to probucol 
tablets also took a capsule matching lovastatin twice dai- 
y. In the case of the once-each-morning regimen and the 
uee cach-evching regimen, a Placebo: aus Matching 
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lovastatin was jaken: in the evening gand morning, res p 
tively, to ensure that all patients took 1 capsule and 
tablet twice daily. Test drug and placebo were taken 
immediately before the morning and evening meals. Ad 
herence to therapy was monitored by capsule and table 
counts. 

Lipid and apolipoprotein analysis: Patients visited tl 
clinic in the morning of a fixed day during weeks —4, ~ 
0, 2, 6, 10 and 14 after having fasted for at least 12 hours 
The morning dose was postponed on those days until aft 
a blood sample was drawn. Levels of total plasma choles: 
terol, HDL cholesterol and plasma triglycerides -wer 
measured in all samples. In addition, at weeks —2, 0, 1 
and 14, ultracentrifugation was performed to permit de- 
termination of levels of LDL cholesterol and very l 
density lipoprotein (VLDL) cholesterol and samples’ 
analyzed for levels of apolipoprotein (apo) AI, A! 

All lipid analyses for the United States studi 
performed in a central laboratory (Evan A. Stein, N 
PhD, University of Cincinnati Medical Center). Li 
analyses for the Finnish and Canadian centers were: 
formed in local laboratories. All apo assays (includ 
those from centers in Finland and Canada) were 
formed in the United States Laboratory. The laborat 
maintained the results of the lipid and apo analyses 
week 2 onward and did not reveal them to the clinics 
the coordinating center until the completion of the study 

Analytic techniques: All blood samples for lipid, lipe 
protein and apo analyses were collected in sodium/po 
sium ethylenediaminetetraacetate (1 mg/ml). Sam: 
were separated within 4 hours, and the plasma was tra 
ferred to polyethylene containers and stored at 4°C. 
samples that required ultracentrifugation, plasma wai 
added to vials containing predispensed azide and ap 
tinin (0.1 mg of azide and 3 uL of aprotinin per millil 
of plasma). Samples from United States centers w 
shipped to the central laboratory by overnight courier i 
polystyrene boxes with the temperature controlled: 
4°C. On arrival at the laboratory, samples were immed 
ately unpacked, stored at 4°C and usually analyzed th 
same day. In Canada and Finland, samples were ana: 
lyzed at the local laboratories. Levels of plasma tota! 
cholesterol, HDL cholesterol and triglycerides were m 
sured on an automated analyzer (Hitachi 705 in. 
United States! and Abbott ABA-100 in Canada)!!! 
enzymatic procedures. In Finland, cholesterol levels w 
determined with the use of an enzymatic colorimetri 
method (CHOD-PAP method, Boehringer-Mannheit 
Diagnostics). HDL was isolated with the use of the hepa- 
rin-2 molar manganese chloride procedure!?.'* to precipi- 
tate VLDL and LDL cholesterol. Preparative ultracen: 
trifugation at a density of 1,006 kg/liter was performs 
at weeks —2, 0, 10 and 14. The VLDL cholesterol con 
tration was obtained from the difference between ti 
cholesterol and the density fraction >1,006 kg/l 
(LDL plus HDL). Both total cholesterol and density fi 
tions >1,006 kg/liter were analyzed in the same run. 

Levels of apo AI, AII and B were measured at week 
—2, 0, 10 and 14. Apo Als was —— wit i 






















































































ABLE I Baseline Characteristics of Study Population 



































Lovastatin Lovastatin 
To 40 mg qam 40 mg qpm 
acteristic (n = 49) (n= 47) 














Mean age (yr) 48.0 52.5 

Sex (male/female) 34/15 29/18 

Mean weight (kg) 73.5 74.5 
-No with familial 33 32 

hypercholesterolemia* 
No. with familial:com- 2 2 
ined hyperlipidemia” 
No. with polygenic 14 13 


_hypercholesterolemia 


"Based on best judgment of investigators, not strict diagnostic criteria. 
‘ gan morning meal gpm = evening meal. 


electroimmunoassay,'° and apo AI and B with the use of 
enzyme-linked immunosorbent assay.!*!7 

Clinical and laboratory monitoring: At every visit, 
| patient was asked about adverse experiences, which 
re rated as either definitely, probably, possibly, proba- 
bly not or definitely not drug-related. A complete blood 
cell count and urinalysis were performed at every visit at 
ch center. Levels of bilirubin, alkaline phosphatase, 
aspartate aminotransferase (AST), alanine aminotrans- 
e (ALT), creatine kinase and creatinine were deter- 
ed at each visit. In addition, at weeks —2, 0, 2, 6 and 
platelet count, prothrombin time and partial throm- 
astin time were determined locally, and levels of se- 
total protein, uric acid, fasting glucose, thyroxine, 
um, potassium, chloride, bicarbonate, calcium and 
osphate levels were determined. Serum chemistry 
analyses were performed at the central laboratory for the 
United States centers and locally for the Canadian and 
Finnish centers. 

Pulse rate, blood pressure and weight were recorded at 
each visit. Electrocardiograms were recorded at weeks 0, 
2 and 14. A full ophthalmologic examination, including 
slit-lamp examination of the lens and measurement of 
corrected visual acuity, was performed before and after 
active treatment. The ophthalmologists did not have ac- 
tothe treatment allocation schedule. 














ABLE II Baseline Lipoprotein Values of the Study Population 








Treatment Group 








Lovastatin 
40 mg qpm 80 mg gpm 





poprotein 40 mg qam 





i ien ea edian. 





; Apo = = apolipoprotein: € C= cholesterol; m 


È ees re HDL = 
K _eoprten ; : 
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40 mg bid 





o “Units are mmol /liter except those’ for apolipoproteins; which are mg/d Week 0 values were used to calculate means or medians for the treatment groups = = Soar 
hetero i Tpoprotein: an = -moming meal; pm = r evening meak D = = very ow 


Treatment Group 


Probucol All S ; 


Lovastatin Lovastatin ; REES 
80 mg qpm 40 mg bid 500 mg bid Patients = [0 
(n = 49) (n = 48) {n= 97) (N= 290) J 


498. 4 


49.1 51.0 49.4 de 
33/16 34/14 68/29 198/92 | 
74.1 777 76.3 JA 
31 32 61 189 

2 2 5 13 

16 14 31 BB 


Statistical analysis: The data were analyzed by the i 
coordinating center (Merck Sharp & Dohme Research 
Laboratories}. Changes from baseline were calculated 
from the last value of the placebo baseline period (week 
0) using the intention-to-treat approach. In the few cases 
in which a patient did not complete the study or in which 
data were missing, the last value was carried forward. All 
pairwise comparisons among treatment groups for co 
tinuous variables were performed using an analysis 
variance on the ranks (ranking without regard to clinic or 
treatment), with treatment and clinic as model effects. 
The Fisher exact test was used for the analysis of binary 
data (e.g., adverse experience counts). For the analysis 
new lens opacities, a maximal likelihood procedure 
which allows for misclassification error, was used base 
on the method of Yanagawa et al.!8 Changes from base- 
line within treatment groups were analyzed using a multi- _ 
clinic extension of the Wilcoxon signed-rank test. 19 There 
was no adjustment for multiple comparisons, because _ 
each comparison was specified in advance. All tests were 
2-sided. | 

Where percent changes were approximately norttially : 
distributed, central tendency is expressed as the arithme- _ 
tic mean percent change and 95% confidence intervals are 
given; where skewed distributions of treatment percent 
changes were-observed, the median is used. Where medi- Pe 






Ali Patients 
Probucol 
50 mg bid 


Week 0 Week —2 






















Lovastatin _ Lovastatin 
40mg QAM 40mg QPM 80mgQPM 40mg BID 


Mean Percent Change 


percent changes are displayed, baseline values also are 
en as medians. The confidence intervals for the medi- 
ans are not displayed because there is no standard method 
for deriving the confidence interval for the median of a 
wed distribution. 


he characteristics and baseline lipoprotein values of 
ients in the 5 treatment groups and in the study 

ation as a whole are summarized in Tables I and II. 
groups were generally similar with regard to baseline 
eristics, except for the average age of patients in 
lovastatin 40 mg qam group, which differed signifi- 
cantly (p $0.05) from that of patients in the lovastatin 40 
mg gpm group. Lipid variables were generally similar at 
baseline among the groups, except for HDL cholesterol in 
‘oups receiving lovastatin 40 mg qam vs lovastatin 

g apm (p $0.01). The lipoprotein values were simi- 

ar at weeks —4, —2 and 0, indicating a stable baseline. Of 
he patients studied, 97% had severe hypercholesterol- 
emia, defined as a baseline plasma cholesterol level >6.72 


= Pro 
500 mg ID 


Lovastatin Lovastatin 


mmol/liter.” In addition, 98% of the patients were whit 
and 72% had a history of ischemic heart disease. The 
study was completed by 283 of the 290 subjects enrolled. 
Three patients in the probucol treatment group and 1 in 
the lovastatin 40 mg twice daily group did not com 
the study because of adverse events; in addition, 1 
withdrawn because of noncooperation, 1 because of sur. 
gery (endarterectomy) and 1 because of a protocol viola. 
tion (LDL cholesterol decreased 26% while the patie 
was still in the placebo run-in period). Analyzable li 
data, using the all-patients-treated approach, were ava 
able for 289 patients. The average dose actually tak 
(based on medication returned) was estimated to be 
96, 93, 95 and 95% of the specified dose for the lovasta 
40 mg qam, lovastatin 40 mg qpm, lovastatin 80 mg gpm, 
lovastatin 40 mg twice-daily and probucol 500 mg ti 
daily groups, respectively. Compliance was thus goods a 
similar in all groups. 

Effects on lipoproteins: The effects on lipopro ein 
after 14 weeks of treatment are shown in Figures | and 2 
The primary variables of interest were total and’ 
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40mg QAM 40mg QPM 80mgQPM 40mg BID 
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cholesterol levels, which were reduced (p $0.01) in all 5 

atment groups (Fig. 1). The differences in percent 

ge in mean total and LDL cholesterol were highly 

significant between each of the lovastatin treatment 

ps vs probucol (p $0.01). The effects of lovastatin 

erapy were considerably greater than those of probucol: 

week 14, total cholesterol decreased 20 to 33% in the 

tatin groups vs 10% in the probucol group. Reduc- 

of LDL cholesterol was 3 to 5 times greater with 

tin than with probucol. When the lovastatin regi- 

ere compared, at week 14, 80 mg qpm was only 

y less effective than was 40 mg twice daily (LDL 

terol was reduced 37 vs 40%), respectively, and the 

rence was not statistically significant (p >0.10). The 

tin 40 mg qpm regimen tended to be more effec- 

tive in reducing LDL and total cholesterol than was the 

40 mg qam regimen (borderline significance, p = 0.06). 

Lovastatin 80 mg qpm reduced mean total cholesterol 

more than 40 mg gpm (p <0.05) did, but for LDL cho- 

lesterol the difference was not quite significant 
(p =.0.08). 


O Probucol 500 mg BID 


0 Lovastatin 40 mg QAM: 
A Lovastatin 40 mg QPM 


Lovastatin 80 mg QPM 


_ 40 mg OAM 40 mg QPM -80 mg QPM 40 mg BID 


z om 
500 mg BID 


By week 14, HDL had decreased 23% in the probucol __ 
group but had increased (9 to 12%) in all lovastati 
groups. All changes from baseline were signific 
0.05), with the exception of the change observe 
lovastatin 40 mg qam at week 2, which was of bor 
significance (p = 0.06). The percent change fr 
line in HDL cholesterol was also significantly greater for 
each of the lovastatin treatment groups compared with — 
the probucol group (p $0.01). None of the differences — 
between the lovastatin treatments was significan 
mean LDL/HDL cholesterol ratio at week 14 w ee 
duced 32, 38, 41 and 45% with lovastatin 40 mg qam, 40 - 
mg gpm, 80 mg qpm and 40 mg twice daily, respecti 
whereas this ratio increased 26% in the probu Ol 

Changes in VLDL cholesterol and plasma tri 
levels are presented in Figure 2. Decreases in VI 
levels from baseline occurred in all 5 treatment groups, 
but were significant (p $0.01) only in the lovastatin 80 
mg gpm and 40 mg twice-daily groups. The percent de- 
creases in VLDL levels from baseline were significan 
greater (p <0.05) in all lovastatin groups than in t 


FIGURE 4. Mean percent change to- 





Lovastatin 40 mg BID 


26B THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 66 





Probucol (n= 97) 


‘obucol group. Significant (p <0.05) decreases in tri- 
glyceride levels from baseline occurred in each of the 
astatin groups, but not in the probucol group. The 
ecreases in triglyceride levels were significantly 

(p <0.01) in all lovastatin groups than in the 

ol group. (Because the distributions of changes in 

els of VLDL cholesterol, plasma triglyceride and 

: substantially skewed, medians of the changes in 
ariables were considered a better measure of cen- 
endency and are shown in Figures 2 and 3.) Effects 

apo AI, All and B are shown in Figure 3. Levels of apo 
decreased significantly in all treatment groups (p 
0.01), but more so in all lovastatin groups than in the 
ucol group (p <0.01). Apo AI did not change signifi- 
ntly in any of the lovastatin groups, but decreased by 
% (p <0.01) in the probucol group. Apo AII in- 
eased in all lovastatin groups (p <0.05), but did not 


_. change significantly in the probucol group. With respect 
- toapo AII, each lovastatin group was significantly differ- 


ent from the probucol group (p <0.05). 
.. Figure 4 shows the time course of the effects on total 
lesterol levels. The maximal reduction in total choles- 

‘ol levels was achieved by week 6. 

Figure 5 shows the percentage of patients in the 5 
treatment groups who experienced reductions of 220 or 
- 240% in LDL levels at week 14. A 220% reduction in 

holesterol was achieved by only 14% of patients in 
col group vs the majority (71 to 96%, depending 
dose) of those in each of the 4 lovastatin groups. 
uctions of 240% were observed in more than half the 
_ patients taking lovastatin, 40 mg twice daily, compared 
_ with only 2% of the patients taking probucol. Reductions 
_ of 260% in LDL cholesterol levels were observed in only 
atients—2 who received lovastatin, 40 mg twice daily, 

nd 1 who received lovastatin, 40 mg qpm. 
erse events: Serious clinical adverse events were 
r4 patients: 2inthe probucol group and | each 


lovastatin 0 mg apn group, ear-old woman who 


Lovastatin 40 mg QAM (n= 49) 


Lovastatin 40 mg QPM (n =48) 


Lovastatin 80 mg QPM (n= 49) 


Lovastatin 40 mg BID (n= 47) 


40 50 60 
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had previously undergone a hysterectomy was diagnosed 
as having an ovarian cyst on day 30 of treatment; the cyst 
was surgically removed. The second patient who experi- 
enced a serious adverse event while taking lovastatin was 
a 58-year-old man who underwent percutaneous translu- 
minal angioplasty on day 7 of treatment. This patient had 
a history of sporadic exertional and stress-related midab- 
dominal pain that occurred more frequently just before 
his entering the study. A 56-year-old man in the probucol 
group who experienced severe diarrhea, gastrointestinal 
cramps and nausea was admitted to the hospital and 
diagnosed as having gastroenteritis. The last patient wi 

a serious clinical adverse event was a 52-year-old man 
who experienced left-arm pain on day 61 of probucol 
treatment. He was admitted to the hospital for | day, and 
the results of all electrocardiographic and laboratory tests 
were normal. His experience was attributed to fatigu 
The investigators did not consider any of these adve 
events to be drug-related and all 4 patients continued on 
their respective therapeutic regimens. 

With few exceptions, drug-attributable nonserious 
adverse events (i.e., those considered definitely, probabl 
or possibly drug-related) were confined to the gastroin- 
testinal tract. Significantly (p $0.05) more cases of dru, 
attributable diarrhea occurred with probucol (n= 8) | 
than with any of the lovastatin regimens. Only 1 patient, 
in the lovastatin 80 mg qpm group, reported diarrhea that 
the investigator attributed to the drug. Significantly. (p 
<0.05) more drug-attributable cases of flatulence oc- 
curred with lovastatin 40 mg qam (n = 5) and 40 mg | 
twice daily (n = 5) than with probucol (n = 2). Also, a 
significantly (p $0.05) higher proportion of patients de- 
veloped rash attributed to lovastatin, 40 mg twice daily _ 
(n = 3), than did those taking probucol (none). One case — 
of drug-attributable rash occurred in each of the other 
lovastatin groups (40 mg qam, 40 mg qpm and 
qpm). Myalgia was reported in only 1 lovasta 
patient, who had an upper respiratory tract infection and 


_ was not accompanied by creatine kinase values. 
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T ABLE m Mean Baseline {Week 0) Values and Endor- 
T reatment Changes (Week 14) in Serum Enzyme Levels 










_ Treatment Group 













Week 0 169 19.8 79.8 102.3 
| fe Week 14 +LI* +17* +409 +100 
fo Lovastatin (40 qpm) 

Week 0 26.1 21.1 82.1 101.1 
=| Week 14 +25t +3.2 —2.0 +3.1 
[> Lovastatin (80 apm) 

i Week O 18.5 20.0 80.2 89.8 

Week 14 +2.3* +2.31 —-3.6* +26.97 

Lovastatin (40 bid) 
Week 0 14.7 19.7 87.1 103.4 
Week 14 +3.7* +5.9* —0.7 +49.3t 
Probucol (500 mg bid) 
Week 0 182 19.0 80.3 89.6 


~47* +4169 









JALT:= alanine aminotransferase: SP = alkaline phosphatase; AST = aspartate 
aminotransferase: CK = creatine kinase; gam = morning meal; qom = evening meal. 


enai range. Sleep disturbance (insomnia) was re- 
ported i in 1 patient taking probucol and was attributed to 
the drug. 

-Four patients (3 taking probucol and | taking lovasta- 
tin, 40 mg twice daily) were withdrawn from the study 
due to clinical adverse events. The patient treated with 
lovastatin developed a rash 2 days after starting treat- 
ment. The clinic staff believed that the rash was probably 
drug-related and discontinued therapy. One patient in the 
probucol group was withdrawn because of headaches and 
<1 because of gastrointestinal pain. The third probucol- 
treated patient discontinued therapy because of head- 
aches, insomnia and fecal incontinence. 

The effects of the treatments on serum enzyme levels 
are shown in Table III. Mean increases in AST and ALT 
-from baseline were significantly (p $0.01) larger with all 
lovastatin regimens than with probucol. ALT tended to 
_ increase more than AST. Two patients taking lovastatin 
(both taking 40 mg qpm) and 2 taking probucol had 
_increases in AST that were more than 50% above the 
upper limit of normal on 1 or more occasions. Eight 
_ patients taking lovastatin and 4 taking probucol had in- 
creases in ALT >50% above the upper limit of normal on 
1l or more occasions. Only 1 patient had an increase in 
_ transaminases to more than 3 times the upper limit of 
“normal: ALT was 3.6 times the upper limit of normal ona 
ingle occasion after 7 weeks of lovastatin, 80 mg qpm, 
and returned to normal without an interruption in thera- 
_ py. Therapy with both probucol and lovastatin, 80 mg 
_qpm, was associated with a significant decrease (p 
$0.01) in alkaline phosphatase from baseline. Both the 
lovastatin 80 mg qpm and 40 mg twice-daily groups expe- 
rienced significant (p <0.05) increases in creatine kinase. 
_ In the 40 mg twice-daily group, the increase in serum 
creatine kinase was of boderline significance (p = 0.09) 
when compared with that in the probucol group. 
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TABLE IV Results of Examination of the Lens 


No. (h) of 
Patients with tens o ? 


















Treatment Group No. of Pts. Baseline 























New Lost Poststudy | 
















Lovastatin (40 qam) 6 (13.3) 3 : 8 (17.8) : 
Lovastatin(40qpm) 42 14 (33.3) 1 2 °14(@3.3). 
Lovastatin (40 bid) 42 11 (26.2) 2 1 131.0) p 
Lovastatin(BOqpm) 46 13 (28.3) 4 3 13-(28.3). | 
Probucol 87 24 (27.6) 4 6 22 (25. 3) 


Values in parentheses represent prevalence of lens opacities (unilateral or bilateral 
of any type or size). New opacities are those reported at the poststudy examinati 
but not at baseline and lost opacities are those reported at baseline but nat at the: 
poststudy examination. Because some patients were reported ta have unilateral. 
opacities at baseline and bilateral opacities poststudy or vice versa, the poststudy 
value does not necessarily equal baseline plus new opacities minus lost opacities. . 

Abbreviations as in Table I. 
























Mean changes in blood pressure, pulse and: weight i 
from baseline to the end of the 14-week a e ; 
















The between-group differences were not signifi yall 
treatment groups, changes from baseline in pulse and 
systolic and diastolic blood pressure were not significant. - 

Table IV shows the prevalence of lens opacities before 
and after treatment, as well as the number of patients — 
with “new” lens opacities (opacities reported at the pos s 
study examination but not at baseline). New opaci 
were observed with both drugs, but no significant a 
ences were observed among groups. 


DISCUSSION i 

Both study drugs reduced total plasma and LDL ho 
lesterol, but the effects of lovastatin were much gréatetat 
all dosage levels than were those of probucol. Thebe- 
tween-drug difference was particularly pronounced with 
lovastatin, 80 mg/day; lovastatin, 40 mg twice daily, pro- 
duced a fivefold greater reduction in LDL cholesterol 
when compared with probucol (40 vs 8%, respectivey): In 
addition, all 4 lovastatin treatment groups had significant 
increases in HDL cholesterol, whereas HDL cholester 
decreased substantially in the probucol-treated. grou 
Levels of VLDL cholesterol and triglycerides were re 
duced (in most cases significantly) in all lovastatin-trea' 
ed groups, but no significant changes occurred in the — 
probucol-treated group. Apo B levels were reduced to a 
greater extent in the lovastatin-treated groups than in the 
probucol-treated group, and the reduction in all the lova- 
statin groups was significant. Apo All levels, but not apo _ 
AI levels, increased appreciably in the lovastatin-treated 
groups, consistent with the effect on HDL cholesterol. 
Probucol produced a marked decrease in apo Al and had 
no significant effect on apo AH. The effects of both drugs a 
on lipoproteins were consistent with the results of previ-. 
ous controlled studies of each agent separately?52!?? and _ 
the results of a small comparative study.?} The effects of | 
lovastatin were dose-related. for total cholesterol and 
LDL cholesterol, but no clear dose-response relation was 











































seen with regard to HDL cholesterol, VLDL cholesterol, 
triglycerides or apo AIl and B. This lack of a dose- 
response relation may be due to the fact that, for all these 
variables, the response to lovastatin was smaller, or more 
variable, or both, when compared with the effects of the 
drug on total and LDL cholesterol. Alternatively, lovasta- 
tin may already be exerting maximal effects at 40 mg/ 
day, so that no further effect would occur with 80 mg/ 
day. Weak or absent dose-response relationships for these 
variables (except apo B) have also been observed in previ- 
ous large studies of lovastatin. 
_. When the effects on the primary variable (LDL cho- 
lesterol) are compared, it is evident that lovastatin, 80 mg 
once a day, produced a reduction only marginally (and 
ot significantly) less than that seen with 40 mg twice 
aily (37 vs 40%, respectively). Previous studies have 
onstrated that 40 mg once a day is slightly (but 
ignificantly) less effective than 20 mg twice a day.” It is 
possible that the differential efficiency of once- vs twice- 
daily dosage regimens narrows as the dose-response curve 
ascends, When the 40 mg qam and qpm dosage regimens 
re compared, it appears that evening dosing is more 
ficient than morning dosing, although the difference 
id not ‘quite reach statistical significance (p = 0.06). 
‘However, given that Illingworth® observed a similar ef- 
fect, which also did not quite achieve statistical signifi- 
e difference i is probably real. A possible explana- 
y be found in the fact that cholesterol biosynthesis 
humans reaches a peak around midnight.* 
Both lovastatin and probucol were well tolerated in 
; study and no serious drug-related adverse events oc- 
curred. Few differences in the incidence of clinical ad- 
verse events were apparent between the 2 drugs, but lo- 
astatin slightly increased mean transaminase values at 
il dosage levels, whereas probucol did not. Similarly, 
lovastatin, 40 mg twice daily and 80 mg qpm, produced a 
© small but significant increase in creatinine kinase, but 
probucol did not. These effects of lovastatin have also 
been observed in previous studies.?-> 
ce Lovastatin has caused marked, but asymptomatic, in- 
-creases in hepatic transaminases in 1.9% of patients in 
-clinical trials and a myopathy in 0.5% of patients (most of 
-co whom were also taking immunosuppressive agents, in- 
-cluding cyclosporine, gemfibrozil or niacin).?° In the 
present study, i increases above 3 times the upper limit of 
. normal in transaminase levels were observed in only 1 
_. patient receiving lovastatin, and myopathy did not occur. 
_ Asingle patient taking lovastatin reported myalgia, but 
this occurred in association with a respiratory tract infec- 
tion and was not accompanied by an increase in creatine 
_ kinase. 
-> The increases in transaminases and creatine kinase 
"| were asymptomatic and did not cause any patient to 
_. withdraw from the study. Thus, these changes were of 
_ little clinical significance. Transaminase increases of suf- 
ficient magnitude to require withdrawal of lovastatin 
herapy have usually occurred after a longer treatment 
period than the 14-week duration of this study.” 
-Schaefer recently reported a shortening of the sleep 
period, without difficulty in falling asleep, in 9 of 51 






















































“patenis taking lovastatin. No randomized conitrel g group 
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was used. In our double-blind, randomized, controlled 
study, only 1 case of sleep disturbance was reported and 
this occurred in a patient taking probucol. EE 
The lens examinations did not reveal consistent 
changes. “New” and “lost” opacities were noted in all 
treatment groups. Probucol has been in widespread clini- 
cal use for many years and has not been reported to cause 
lens opacities. Prolonged follow-up” of the patients in our 
study as well as those in other studies*~> has likewise not 
established a causal relation between lovastatin and opac- 
ities of the human lens. As discussed elsewhere,*”> the 
new and lost opacities reported in our study are probably 
the result of small, clinically insignificant opacities being 
missed at either the baseline examination or the post- 
treatment examination. Thus, no evidence of any effect of 
lovastatin on the lens was apparent in this trial. 
Lovastatin was clearly a much more effective lipid- 
lowering agent than was probucol, confirming (by means. 
of a direct double-blind comparison) the results of previ 
ous studies. In addition, HDL cholesterol increased wi 
lovastatin, but decreased with probucol. Because HDL 
cholesterol is inversely associated with coronary risk,?’ an 
increase in HDL has generally been regarded as desirable 
and a decrease as undesirable. This view may be too. 
simple, however, because the effects of changes in HDL 
on the development of atherosclerosis may well depend on 
the mechanism that causes the change. For example, in- 
theory, HDL cholesterol could decrease because of grea 
uptake of HDL by the liver; conversely, HDL cholester 
could increase if hepatic uptake was impaired. Because 
the beneficial effect of HDL is postulated to result from 
its role in reverse cholesterol transport, greater hepatic. 
uptake would be expected to be beneficial, even though 
the HDL cholesterol level decreased. The mechanisms by 
which both probucol and lovastatin alter HDL cholester- 
ol levels remain unclear. 
In summary, this study demonstrates that while both 
probucol and lovastatin are usually well tolerated, lova- 
statin is much more effective as a lipid-lowering agent. 
On the other hand, probucol may have additional benefi- 
cial effects on lipoproteins, perhaps by virtue of its antiox- 
idant effect.’ However, neither drug has been shown to 
reduce coronary heart disease in controlled clinical trials. 
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McMaster University Lipid Research Clinic, Hamilton | 
General Hospital, Hamilton, Ontario, Canada; M.H. 
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The inhibitors of 3-hydroxy-3-methylglutary! coen- enzyme A (HMG CoA) reductase are a new class - 
zyme A (HMG CoA) reductase are highly effective of drugs that are highly effective for the treatmen 
in treating severe elevations of serum cholesterol, of hypercholesterolemia. The first drug of this class to be 
id are being widely used for this purpose. In our released in the United States was lovastatin. Recently, an 
laboratory, these drugs have been used for the analog, simvastatin, has been approved for use in severa 
atment of other forms of dyslipidemia including European countries. Because of their high efficacy, use o 
primary moderate hypercholesterolemia, primary these drugs has increased rapidly, and already more than 
mixed hyperlipidemia, diabetic dyslipidemia, hyper- a million people are taking lovastatin in the United States 
lipidemia of the nephrotic syndrome, and primary alone. Although the HMG CoA reductase inhibitors 
See ehatneproteinerie. In these conditions, the have been recommended primarily for treatment of se- 
IG CoA reductase inhibitors proved effective in vere hypercholesterolemia, in clinical practice they un: 
substantially decreasing levels of both low-density doubtedly are being used in patients with various othe 
lipoproteins and very low density lipoproteins, as forms of dyslipidemia. Even so, their potential value fo 
ell as apolipoprotein B. In some patients, they treatment of different forms of dyslipidemia, other than 
ven increase levels of high-density lipopro- severe hypercholesterolemia, has not been investigated 
The primary mode of action of HMG CoA re- systematically in large numbers of well-defined patients 
se inhibitors appears to be to increase the For this reason, we have performed a series of studies 
s of hepatic receptors for lipoproteins con- patients with various types of dyslipidemia to explore the 
apolipoprotein B, although a reduction in range of potential value of HMG CoA reductase inhibi- 
ynthesis of these lipoproteins has not been ruled tors. None of our findings can be called definitive, but 
it with certainty. Regardless of mechanisms, they do provide insights into possible utility of these 
drugs of this type appear to have the potential for drugs. In most of our studies, lovastatin was the drug 
effective therapy of various forms of dyslipidemia investigated, but our findings almost certainly can be 
idee primary severe hypercholesterolemia. extended to other HMG CoA reductase inhibitors as 
: (Am J Cardiol 1990;66:31B-38B) well. 
Investigations in our laboratory also have been direc 
ed toward learning the mechanisms whereby HMG CoA 
reductase inhibitors produce a reduction in plasma cho- 
lesterol levels. Studies in tissue culture and laborator 
animals strongly suggest that the primary action of these 
agents is to increase ae synthesis of low-density lipopro- 
tein (LDL) receptors.! This response results from their 
action to inhibit cholesterol synthesis. Our isotope-kinetic _ 
investigations support this general mechanism. Our data, 
however, do not rule out the possibility that a lesser action 
of HMG CoA reductase inhibitors is to partially inhibit 
the synthesis of lipoproteins by the liver. Both mecha- 
nisms are consistent with the observation that reductase 
inhibitors lower serum concentrations of both LDL a 
very low density lipoproteins (VLDL). It must be recalled 
that VLDL particles, which contain apolipoprotein (apo) 
E as well as apo B, actually have a greater affinity for 
From thie Center for Human Nutrition, Departments of Internal Medi- LDL receptors than LDL itself, which has only apo 
: a te nee baka T University of Texas The action of HMG CoA reductase inhibitors to:redu 
southwestern Medical Center at Dallas, Dallas, Texas. VLDL levels, as well as LDL, may expand their potential 
Address for reprints: Scott: M. Grundy, MD, PhD, Center 
iman Nutrition, The University of Teka Southiestien Moticl use. Finally, there are reports that these agents will : 
enter at Dallas, 5323 Harry Hines Boulevard, Dallas, Texas 75235- Crease high-density lipoprotein (HDL) cholestero con- 
n ; centrations in some > patients: In the discussion to follo 


T= inhibitors of 3-hydroxy-3-methylglutaryl co- 



































































































ee -o serine 31B 
















ABLE | Plasma. Lipid and Lipoprotein Levels in Eight 
tents with Heterozygous Familial Hypercholesterolemia 









Lovastatin 
+ Colestipol 
(mg/dl) 


Control 
(mg/dl) 


367 +31 
142419 
321 + 32 
27 +3 










208 + 18* 
140 + 24 
154 + 19* 
35457 






Total cholesterol 
Triglycerides 

LDL cholesterol 
HDL cholesterol 
p-<0.001 vs control. 
tp <0,005 vs control. 
Values are expressed as mean + standard error of the mean. 


(Po HDE = high-density lipoprotein; LDL = low-density lipoprotein. 
“oc Adapted from Annintem Med? 









“the potential indications for HMG CoA reductase inhibi- 
_tors thus can be considered. 


: HETEROZYGOUS FAMILIAL 
a HYPERCHOLESTEROLEMIA 
- This disorder is characterized by autosomal dominant 
_ inheritance of severe hypercholesterolemia.’ A deficiency 
-of LDL receptors underlies this condition.? Affected pa- 
_ tients have inherited a defect in the gene encoding for 
_LDL receptors from one parent. The allele derived from 
the other parent is normal. As a consequence of one 
defective gene, half the normal number of LDL receptors 
synthesized and serum LDL cholesterol increases to 
ice normal levels. Patients with familial hypercholes- 
erolemia (FH) frequently develop tendon xanthomas 
and premature atherosclerosis. Coronary artery disease 
: (CAD) occurs frequently in men aged 30 to 40 years, and 
in women about 10 years older. Reduction of LDL cho- 
‘lesterol concentrations by drug therapy beginning in ado- 
_lescence, therefore, is justified in patients with heterozy- 
gous FH.’ 
= In the teenage years, bile acid sequestrants are first- 
“line therapy for this disorder. The safety of HMG CoA 
- reductase inhibitors in this age group remains to be deter- 
“mined. After age 20, however, reductase inhibitors can be 
justified for most male patients with heterozygous FH. 
_ The same is true for women after age 30 or 40. In moder- 
ate doses (20 mg twice daily), these drugs reduce LDL 
cholesterol levels about 30%.+* A multicenter trial has 
documented the efficacy in cholesterol reduction and 
general safety of reductase inhibitors in patients with 
_heterozygous FH.’ Studies in our laboratory® indicate 
that these drugs promote LDL receptor-mediated clear- 
_ance of LDL in FH heterozygotes as their primary mech- 
anism for serum cholesterol reduction. Although reduc- 
e inhibitors are highly effective in patients with FH, 
LDL cholesterol concentrations remain moderately ele- 
vated in most despite therapy. Normalization of LDL 
cholesterol levels in many FH heterozygotes therefore 
requires more aggressive therapy than the use of reduc- 
_ tase inhibitors alone. 
Studies of the potential of drug therapy in FH hetero- 
: zygotes have revealed that the combination of bile acid 
_sequestrants and HMG CoA reductase inhibitors is un- 
_usually effective, and, with this regimen, LDL cholesterol 













concentrations usually fall within the normal Tange.’ sn 
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TABLE I Plasma Lipid and Lipoprotein Levels in 10 Patie 
with Heterozygous Familial Hypercholesterolemia cee 
Lovastatin o 
+ Colestipo © 

(mg/d) eo] 
2114 14* 


Control! 
(mg/dl) 


357 + 18 





Total cholesterol 





Triglycerides 152417 164 + 24 
VLDL cholesterol 57+8 38 + 5* 
LDL cholesterol 265 + 17 139 + 14* 


HDL cholesterol 3645 
* p <0.05 vsicontrol. 
Values are exoressed as mean + standard error of the mean. 
VLDL = very ‘ow density lipoprotein: other abbreviations as in Table |. cetera 
Adapted fror Arterioscierosis.'! with permission from the American Heart Associa 3 
tion. 
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This is illustrated in 2 studies!!! performed in our labo- - 


ratory (Tables I and TI). In both studies, FH heterozy- 


gotes were treated with the combination of lovastatin plus _ 
a bile acid sequestrant. This drug combination was ac- 
companied by few, if any, adverse effects; most patients. 
tolerated it without difficulty. Both drugs seem to en- 
hance the activity of LDL receptors and, consequently, . 
the number of receptors expressed on liver cells doubles. _ 
As a result, as shown in these studies, LDL concentra- 


tions decrease approximately 50%. Thus, combined drug a 


therapy probably represents the best available approach _ 
to treatment of severe hypercholesterolemia in FH het- 
erozygotes. 


PRIMARY SEVERE 
HYPERCHOLESTEROLEMIA ae 
Severely elevated concentrations of LDL choldsteral: 
often occur in patients who do not have classic heterozy- 
gous FH. Serum cholesterol levels in these persons are 
about 75% above the desirable level. Tendon xanthomas 
rarely are present, but premature CAD frequently oc- 


curs. The latter typically manifests itself in men aged 40. : 


to 50 years, but later in women. Defects in the LDL _ 
receptor gene need to be documented in this condition, — 
although it is possible that many patients have abnormal- _ 
ities in the primary structure of LDL receptors; if so, their 
defects are not as functionally severe as those found in 
classic heterezygous FH. Some patients with moderately S 
severe hypercholesterolemia have abnormalities in the 
primary structure of the apo B molecule!?-!5; in this cir- 


cumstance, LDL particles fail to bind normally to LDL- 
receptors. A third possible cause of severe hypercholester- 


olemia is metabolic suppression of LDL receptor activi-. 


ty.!© Thus, severe hypercholesterolemia appears to be due ° 


to many factors. The common occurrence of premature 
CAD in patients with primary severe hypercholesterol- 
emia with marked elevations of LDL cholesterol justifies a 
intervention with drug therapy. & 

Treatment of primary severe hypercholesterolemia of 


the non-FH type should be similar to that for heterozy- = 
gous FH. Bile acid sequestrants are the drug of first 
choice.'7 If LDL cholesterol levels fail to decrease tothe 
desirable range, which frequently occurs, HMG CoA 


reductase inhibitors should be added to the regimen. l 


combined drag therapy usually normalizes LDL 


‘patients with severe hypercholtsterolemia w In 


























BLE HE Plasma Lipid and J Upoprotein Levels in 12 Patients 
with Prirnary Moderate Hyperlipidemia 





Lovastatin 
(mg/dl) 


204 + 10* 






Placebo 
(mg/di) 


: Total cholesterol 


=Total- triglycerides 136410 133410 
LDL cholesterol 19747 1344 11* 
DL apo B 11444 75 + 5* 


DL cholesterol 48 + 3* 







ee) <0. 001 vs placebo. 
‘Males are expressed as mean + standard error of the mean. 
apo B = apolipoprotein B; other abbreviations as in Table |. 

_ Adapted from J Lipid Res.” 26 

















o cannot tolerate bile acid sequestrants, reductase in- 
bitors can be tried as a single agent. The efficacy and 
safety of lovastatin in patients of this type have been 
locumented in a multicenter trial'? and in other stud- 
ies.2°-24 As with FH heterozygotes, use of reductase in- 
hibitors alone often fails to bring LDL cholesterol levels 
into the desirable range. Thus, if tolerated, at least mod- 
rate doses of bile acid sequestrants, i.e., 4 to 5 g twice 
daily, should be administered as a second drug when 
reductase inhibitors are used. 


PRIMARY MODERATE 
ERCHOLESTEROLEMIA 
‘his is the most common form of hypercholesterol- 
in the general American public.'®!” Total cholester- 
vels typically are in the range of 240 to 300 mg/dl. 
‘hese levels usually correspond to LDL cholesterol con- 
centrations in the range of 160 to 220 mg/dl. Often 
dietary excesses add to the increase in LDL cholesterol 
levels; the major dietary factors that increase LDL con- 
itrations are high intake of saturated fatty acids, cho- 
terol and total calories (obesity). While diet can be an 
important factor, a genetic predisposition to hypercholes- 
- terolemia frequently is present as well.!© These genetic 
-influences are not well defined. Some patients may have 
mild defects in LDL receptor metabolism; others may 
have abnormalities in the primary structure of apo B so 
that their LDL apo B binds poorly to LDL receptors; still 
others may have defects in VLDL metabolism, i.e., over- 
_ production of VLDL particles or increased conversion of 
VLDL to LDL. The risk for CAD in patients with pri- 
_ mary moderate hypercholesterolemia is at least twice 
that for patients whose serum cholesterol levels are below 
100 mg /dl.25 First-line therapy for elevated LDL concen- 
rations is dietary modification, i.e., reduced intake of 
urated fatty acids, cholesterol and ‘total calories (if the 
: patient is obese). However, if LDL cholesterol concentra- 
tions remain over 160 mg/dl: despite maximal dietary 
herapy, consideration can be given to the possibility of 
using cholesterol reducing drugs.'? The decision to use 
gs depends largely on the presence or absence of other 
factors. Therefore, the discussion to follow divides 
nts into high- and low-risk categories. 
High-risk patients: Factors that confer a high-risk 
us on patients with moderate hypercholesterolemia 
he presence of atherosclerotic disease, ic., CAD, 
peripheral vascular disease, grout aney disease 























































































tors, the presence : of primary moderate apao 
-emia alo fail HM i 


TABLE IV Plasma Lipid and Lipoprotein Levels in 10 Patient 
with Primary Moderate Hypercholesterolemia : 













Lovastatin 
+ Colestipol. 
(mg/dl) 


Control 
(mg/dl) 

























Total cholesterol 260 +6 166 + 5* 
Triglycerides 107 +8 11642 
LDL cholesterol 196 +6 101 + 5* 
LDL apo B 11344 68 + 3* 
HDL cholesterol 






* p <0.02 vs control. 
Values are expressed as mean + standard error of the mean. 
Abbreviations as in Tables | and Ill. 

Adapted from JAMA.!® 


cerebral vascular disease; a family history of prematur 
CAD; smoking; hypertension; diabetes mellitus; low 
HDL cholesterol; and obesity.!” Men are at higher risk 
this factor belongs in the equation for deciding when to 
administer drug therapy. For high-risk patients with pri: 
mary moderate hypercholesterolemia, particularly when 
2 risk factors are present,” HMG CoA reductase inhibi 
tors deserve to be high on the list for first-line therapy 
Most patients of this type will respond to reductase inhib- 
itors with a marked reduction in LDL cholesterol levels 
This response is illustrated in a study performed in ow 
laboratory% (Table HI). Twelve patients with primary 
moderate hypercholesterolemia were treated with lov 
statin (20 mg twice daily), and the results were compared 
with treatment with placebo. Total cholesterol levels de- 
clined 22% and LDL cholesterol 32% in those taking 
lovastatin therapy. LDL apo B levels also decreased 34 
In addition, HDL cholesterol concentrations increas 
20%. For many patients with moderate hypercholesterol- 
emia, LDL cholesterol decreased to the desirable range. 

Even in this group, however, the combination of bile 
acid sequestrants and HMG CoA reductase inhibitors 
provides a still greater change in lipoprotein levels than 
lovastatin alone. Our investigations'® have shown that 
this drug combination markedly reduces LDL levels in 
patients with primary moderate hypercholesterolemi: 
(Table IV). In this study, 10 patients with primary mod- 
erate hypercholesterolemia were treated with lovastatin 
(20 mg twice daily) and colestipol (10 g twice daily). 
With combined drug therapy, total cholesterol decreased 
36% and LDL cholesterol 48%. LDL apo B concentra- 
tions declined 40%. Because this drug combination is so 
highly efficacious, lower doses of both drugs often can be 
given, and an excellent response will still be obtained.’ 
Lower doses reduce the danger of adverse effects from 
either drug. Despite the benefits of combined drug ther. 
py, many patients prefer the ease of administration o 
reductase inhibitors used alone, and they choose not to 
add bile acid sequestrants. Still, combination drug ther. 
py remains the preferred therapy because of its. high 
efficacy. 

Low-risk patients: In patients with no other risk fa 





























































q ABLE v Plasma Lipid and Lipoprotein Levels in Eight 
| Patients with Familial Combined Hyperlipidemia with Type 4 
| Hyperlipoproteinemia 










Gemfibrozil 
+ Lovastatin 
(mg/dl) 


197 + 9*t 


Gemfibrozil 
Alone 
(mg/dl) 


279 +13 










Control 
(mg/dl) 


261412 













| Tetal cholesterol 


| Triglycerides 381 4 35 228 + 25* 166 + 12* 
| VLDL cholesterol 84410 51 + 8* 294 4*1 
| LOL cholesterol 146411 189 + 8* 126471 
| LDL apo B 133413 136 + 10 95 +6"! 
Ve HDL cholesterol 3142 3942" 42 + 2* 













8 p-<0.05 vs control. 
EP <0,005 vs gemfibrozil alone. 

Values are expressed as mean + standard error of the mean. 
Jeo Abbreviations as in Tables | to Hi, 

Adapted from Ann intern Med’? 


choice. The combination of dietary modification and 
moderate doses of a bile acid sequestrant effectively de- 
_ereases LDL cholesterol in most patients, and high doses 
of a sequestrant or an HMG CoA reductase inhibitor 
generally are not necessary. Starting drug therapy for 
hypercholesterolemia presumably indicates the need for 
life-long therapy; therefore, further clinical trials docu- 
menting long-term safety, efficacy, and a low cost-benefit 
ratio are needed before committing otherwise low-risk 
‘patients with moderate hypercholesterolemia to HMG 
A reductase inhibitors. Dietary therapy needs to be 
tressed in such patients. If a hypocholesterolemic drug is 
dered necessary, use of a bile acid sequestrant in low 
moderate doses should be the next step. 


_ PRIMARY MIXED HYPERLIPIDEMIA 
This condition consists of a combined elevation of 
serum total cholesterol and endogenous triglycerides 
(VLDL triglycerides), i.e., total cholesterol levels are 
about 240 mg/dl and serum triglycerides are in the range 
of 250 to 500 mg/dl. Multiple factors can contribute to 
the genesis of primary mixed hyperlipidemia; obesity is 
one of the most common. Some patients with mixed 
hyperlipidemia undoubtedly come under the category of 
_ familial combined hyperlipidemia,?® which may be a sin- 
_gle-gene disorder, whereas other patients may have inher- 
ited defects in the metabolism of both LDL and VLDL, 
_and thus have a polygenic disorder. Patients with primary 
mixed hyperlipidemia are at increased risk for CAD,” 
perhaps to a greater extent than are those with primary 
moderate hypercholesterclemia who have the same level 
_of total cholesterol. The elevation of triglycerides and the 
concomitant reduction of HDL cholesterol present in pa- 
tients with mixed hyperlipidemia thus may impart an 
incremental risk for CAD beyond that caused by eleva- 
_tion of total cholesterol alone. Patients with mixed hyper- 
pidemia often have a marked increase in serum total apo 
B, and this abnormality, likewise, may indicate enhanced 
_risk for CAD. 
_ Because of the high risk for CAD associated with 
mixed hyperlipidemia, drug therapy usually can be justi- 


















fied. Gemfibrozil has recently been approved by the Food 
and Drug Administration for therapy of combined ra 
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apo B significantly. Again, an even better result was __ 






TABLE vi ‘Plasma Lipid and Lipoprotein ‘Levels | in. Nine 
Patients with Familial Combined Hyperlipidemia with Type 2B 
Hyperlipoproteinemia 











Gemtibrozi : 
+ Lovastatin 
(mg/dl) 


2324108 | 


Gemfibrozit 
Alone 
(mg/dl) 


Control 
(mg/dl) 














































Total cholesterol 326 + 13 290 + 15* 

Triglycerides 293 + 16 134 + 8* 130 + 8* 
VLDL cholesterol 5947 21+42* 18+ 2* 
LDL cholesterol 229 +14 221 +15 166 + 10*t 
LDL apo B 171415 140 + 12* 113 +9"! 
HDL cholesterol 3843 48 + 5* 484 5* 



















* p <0.005 vs control. 
' p <0.005 vs gemfibrozil alone. 

Values are expressed as mean + standard error of the mean. 

Abbreviations as in Tables | to Hl. 

Adapted frore Ann intern Med.?! 






tions of VLDL and LDL (type 2b hypeiipopsotéinanaiay: 
Although gemfibrozil therapy definitely will reduce trie oe 
glycerides and increase HDL levels with type 2b hyperli- _ _ 
poproteinemia, it usually does not reduce LDL cholester- __ 
ol or total apo B levels.2° Niacin therapy may producea 
better response than gemfibrozil. Not only will niacin 
therapy lower VLDL and increase HDL levels, it will 
often reduce LDL levels. Unfortunately, niacin use fre- 
quently leads to a variety of adverse effects: gastrointesti- = 
nal distress, flushing of skin and other skin reactions, - 
hepatotoxicity, hyperuricemia and hyperglycemia. Thus, 
whereas niacin may be the drug of choice in primary — 
mixed hyperlipidemia, many patients cannot tolerate it 
for long periods. Another approach is to administer com- _ 
bined drug therapy: gemfibrozil plus bile acid seques- 
trants?! or niacin plus bile acid sequestrants.>2 Combined 
drug therapy is more efficacious for lipid reduction, but 
adverse effects are compounded. ' 
In a recent study by East et al,?! effects of lovastatin 
plus gemfibrozil vs gemfibrozil alone were examined in i 
patients with familial combined hyperlipidemia, a 
of primary mixed hyperlipidemia. The patients in 
study had either type 4 hyperlipoproteinemia (increase 
triglycerides and “normal” LDL cholesterol) or type ; 2 
hyperlipoproteinemia (increased triglycerides and 
creased LDL cholesterol). Results with type 4h 
proteinemia patients are shown in Table V. In 8 pat 
gemfibrozii therapy alone significantly reduced plasme 
triglycerides and VLDL cholesterol and significantly in: 
creased HDL cholesterol. However, gemfibrozil 
alone did not reduce total cholesterol, LDL cholesterol or _ 
LDL apo B levels. The combination of gemfibrozil plus 
lovastatin resulted in even greater reductions in plasma 
triglycerides and VLDL cholesterol and increases in 
HDL cholesterol; in addition, the combination therapy 
reduced total cholesterol, LDL cholesterol and LDL apo — 
B levels, oS 
Data for patients with familial combined hyperlipide- 5 
mia with type 2b hyperlipoproteinemia are given in Table © 
VI. A similar pattern was seen: Gemfibrozil therapy __ 
alone reduced VLDL and increased HDL. It did not == 
reduce LDL cholesterol levels, but it did decrease LDL 













TABLE Vil Plasma Lipid and Lipoprotein Levels in 12 
| Patients with Primary Mixed Hyperlipidemia 


Placebo 
(mg/dl) 













Lovastatin 
(mg/dl) 











Total cholesterol 


Total triglycerides 456 + 36 308 + 30* 
< VEDE cholesterol 10844 63+7* 
LDL cholesterol 15248 98 + 6* 
| HDL cholesterol 2841 
_ Plasma apo B 14948 


* p <0.01 vs placebo. 
E Values are expressed as mean + standard error of the mean. 
2 Fo Abbreviations as in Tables | to H, 

“) Adapted from Arch intern Med? 


obtained with combined drug therapy. Unfortunately, 
this combination of agents has been reported to increase 
e risk for severe myopathy substantially, particularly in 
comparison with the risk involved in the use of either drug 
alone. Although toxicity data on this drug combination 
are limited, it appears that approximately | in 20 patients 
taking gemfibrozil plus lovastatin will develop severe my- 
_ opathy. Thus, patients using these drugs in combination 
© should be carefully monitored and therapy should be 
‘discontinued at the first sign of muscle discomfort or 
brown urine. 
< Because of the danger of myopathy with lovastatin 
gemfibrozil, another approach to primary mixed 
erlipidemia is lovastatin therapy alone. We have re- 
ntly examined this mode of therapy in 12 patients with 
primary mixed hyperlipidemia (Table VII).*> These pa- 
tients had increased levels of both total cholesterol and 
total triglycerides. Treatment with lovastatin produced a 
decrease in total cholesterol of 34%, whereas triglycerides 
eased 32%. Levels of VLDL cholesterol and LDL 
lesterol declined 40 and 36%, respectively, and plasma 
po B levels decreased 28%. HDL cholesterol concentra- 
tions did not increase. Thus, lovastatin therapy was most 
ffective in decreasing apo B-containing lipoproteins and 
had little effect on HDL cholesterol. Nonetheless, total 
cholesterol (and LDL)/HDL cholesterol ratios were 
markedly reduced by lovastatin therapy alone. Although 
the use of lovastatin alone did not normalize HDL choles- 
- -terol levels, its favorable effects on apo B-containing lipo- 
_. proteins makes it a reasonable alternative to nicotinic 
acid and probably superior to gemfibrozil in patients with 
primary mixed hyperlipidemia. 


DIABETIC DYSLIPIDEMIA 
"CAD is the major killer of diabetic patients, and 
- — whereas several factors in diabetic patients may increase 
coronary risk, secondary dyslipidemia almost certainly is 
an important contributor.*4 Patients with non-insulin-de- 
pendent diabetes mellitus (NIDDM) are particularly 
`- prone to a variety of lipoprotein abnormalities. The pat- 
tern of diabetic dyslipidemia often is that of a mixed 
hyperlipidemia: increased VLDL cholesterol and VLDL 
triglyceride levels, increased LDL and reduced HDL cho- 



























































lesterol. Not all patients with NIDDM have distinctly 
increased LDL cholesterol levels, but even those who do ` 


_ duration of therapy. In our view, therefore, HMG Co; 
: reductase inhibitors may be: wiaiey useful fo pre- 
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TABLE VIII Plasma Lipid and Lipoprotein Levels. in i6 
Patients with Non-Insulin-Dependent Diabetes Mellitus 











Placebo 
(mg/ di) 


Lovastatin 
(mg/dl) 

































Total cholestero! 233 +10 1724 7* 
Triglycerides 308 + 49 213 +24) 
VLDL cholesterol 56411 33 45+ 
LDL cholesterol 140+9 101 4 6* 
LDL apo B 108 + 16 80 + 16* 
HDL cholesterol 3742 3942 









* p <0.001 vs placebo 
*p <0.08 vs placebo. 
t p <0.01 vs placebo. 
Values are expressed as mean + standard error of the mean. 
Abbreviations as in Tables | to fil. 

Adapted from N Engi J Med. 















not, frequently have abnormalities in LDL composition: 
and metabolism.*+ Furthermore, even mild elevations of 
LDL cholesterol may contribute significantly to. in- 
creased CAD risk in diabetic patients. For example, Cau-. 
casian diabetic patients who have borderline high choles- 
terol levels have much higher rates of CAD than Pima 
Indians who have cholesterol concentrations in the desir- 
able range.*4 Because of the atherogenic potential of dia- 
betic dyslipidemia, drug therapy for modification of lipid 
levels in patients with NIDDM is worthy of conside: 
ation. 

The most obvious drug for treatment of diabetic dysli- 
pidemia is niacin. It lowers serum levels of VLDL an 
LDL and increases HDL. Unfortunately, niacin ofte 
raises serum glucose which is especially unfavorable i 
diabetic patients. An increase in uric acid levels is anothe: 
undesirable response to niacin therapy. Because of its 
adverse effects, therefore, niacin probably has limited use 
in the treatment of diabetic dyslipidemia. Gemfibrozil. 
will reduce triglyceride levels of patients with NIDDM, 
but at the same time will usually increase LDL cholester- 
ol.*> Bile acid sequestrants have not been tested extensive- 
ly in diabetic patients, but these drugs have 2 potential 
drawbacks. They often cause constipation, which may 
a particular problem for diabetic patients, and they tend 
to increase triglyceride levels. Because of these possible 
problems, bile acid sequestrants like nicotinic acid proba- 
bly will be of limited usefulness in patients with NIDDM. 

Another type of drug that may be considered for dia 
betic patients is an HMG CoA reductase inhibitor: To 
test this possibility, we performed a study to determing 
the effectiveness and safety of lovastatin in a series of 
patients with NIDDM. The results showed a favorable 
response (Table VIII). Levels of VLDL triglycerides and. 
cholesterol decreased significantly in these patients. Lo- 
vastatin therapy was particularly effective in reducing 
LDL cholesterol and LDL apo B concentrations. On the: 
other hand, lovastatin therapy did not significantly in- 
crease HDL cholesterol levels. Use of lovastatin, nonethe- 
less, induced an overall favorable response in the lipopro- 
tein pattern of these patients. This occurred without de 
velopment of significant adverse effects over the shor 









































: FABLE IX Plasma Lipid and Lipoprotein Levels in 22 
Normolipidemic Patients with Hypoalphalipoproteinemia 

as Placebo 
(g/dl) 










Gemfibrozil 
(mg/dl) 


S Total cholesterol 184 + 6* 


187 + 20 





iglycerides 118 + 10* 
VLDL cholesterol 3944 25+ 2* 
LDL cholesteroi 12845 12545 
LDL apo B 11246 10145 


HDL cholesterol 


* p <0,0083 vs placebo. 
Maines are expressed as mean T standard error of the mean. 
i |) > Abbreviations as in Tables | to 
“| Adapted from JAMA“! 
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_vention of CAD by modifying serum lipoproteins in pa- 
tients with NIDDM. 

-In another study, we examined the effect of the 
combination of lovastatin plus gemfibrozil in patients 
with NIDDM. As in patients with familial combined 
_ hyperlipidemia, the results were highly favorable. As in- 
_ dicated before, the increased danger of severe myopathy 
: probably precludes routine use of lovastatin and gemfi- 
J brozil i in combined drug therapy. 


HYPERLIPIDEMIA OF THE 

NEPHROTIC SYNDROME 

<< Another secondary form of hyperlipidemia is the ne- 
rotic syndrome. In the nephrotic syndrome, levels of 
DL cholesterol often are greatly increased. This effect is 
considered by many investigators to be secondary to over- 
production of apo B-containing lipoproteins by the liver, 
rently a response to loss of protein in the urine. 
Because hepatic synthesis of cholesterol appears to be 
_ increased as well, there may be a secondary suppression 
of LDL receptor activity. The combination of overpro- 
- duction of lipoproteins and reduced LDL receptor activi- 
_ ty may account for the marked hypercholesterolemia ob- 
-served in many nephrotic patients. Many patients with 
the nephrotic syndrome manifest hypertriglyceridemia in 
addition to elevated LDL cholesterol. Again, 2 mecha- 
_ nisms may contribute to high triglyceride concentrations. 
_ First, there may be hepatic overproduction of VLDL 
_ triglycerides; second, the lipolysis of triglyceride-rich li- 
_ poproteins appears to be impaired. The latter alteration 
_ may be due to reduced activity of either lipoprotein lipase 
or hepatic triglyceride lipase, or both. There is increasing 
evidence that the hyperlipidemia of the nephrotic syn- 
‘ome predisposes patients to CAD, provided the hyper- 
ipidemia is of prolonged duration. 

_. Werecently reported that lovastatin is highly effective 
in reducing plasma lipids in nephrotic patients.*’ In our 
study, 3 patients with marked hypercholesterolemia were 
udied for alterations in plasma lipids and lipoproteins 
d for changes in kinetic parameters of apo B-contain- 
lipoproteins. Lovastatin therapy produced a marked 
duction in both total cholesterol and total triglyceride 
els in these patients. Reductions extended to both 

























: HDL cholesterol levels, which were reduced in the con- 
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LDL cholesterol and LDL cholesterol; furthermore, _ eart Stu i 
tients with hypercholesterolemia r 







TABLE X Plasma Lipid and Lipoprotein Levels i 
Normolipidemic Patients with Hypoalphalipoproteinemi 


Placebo 
(mg/dl) 





(mg/d) 











Total cholesterol 






Triglycerides 181 +13 140 49* 
VLDL cholesterol 3944 244 2* 
LDL cholesterol 124+6 82 +.5* 
LDL apo B 10445 79 44* 
HDL cholesterol 2941 32 TFs 


* p < 0,0083 vs placebo. 
Values are expressed as mean + standard error of the mean. 
Abbreviations as in Tables i to H, 

Adapted from JAMA.#/ 




































trol period, increased strikingly with lovastatin therapy. 
More recently, other workers??? have reported on effects 
of HMG CoA reductase inhibitors on hyperlipidemia of 
the nephrotic syndrome, and similar results were ob- — 

tained. Therefore, it appears as though reductase inhibi- 
tors will effectively reduce cholesterol concentrations in 
nephrotic hypercholesterolemia. However, cholesterol 
levels generally are not reduced to the normal levels with: 
reductase inhibitor therapy alone, and nephrotic patients 
may benefit from combination therapy of reductase in- 
hibitors and bile acid sequestrants, as observed for FH. 
heterozygotes (Tables I and II). To date, however, this 
combination has not been tried. 


HYPOALPHALIPOPROTEINEMIA ; 

Finally, another condition in which risk for CAD is 
raised, is a law HDL cholesterol concentration. A height- 
ened risk for CAD apparently exists even when levels of 
total cholesterol and triglycerides are not increased, In 
fact, one of the most common lipoprotein patterns ob- ` 
served in patients with CAD is a low HDL cholesterol: 
concentration with normal plasma lipids. The mecha-. _ 
nisms for reduced HDL cholesterol have not been deter- 
mined in these patients. Whether the defect lies in the 
metabolism of triglycerides or apo AI remains to be clar 
fied. Certainly, a reduced HDL cholesterol can be secon 
dary to other factors, e.g., obesity, lack of exercise, ciga- 
rette smoking, or other drugs (such as -adrenergic. 
blocking agents and androgenic hormones). When these 
causes exist, their correction will increase HDL concen- 
trations to the desirable range. In other patients, however, 
a low HDL concentration persists despite modification of | 
life style; for such patients, consideration can be given to 
use of drugs that increase HDL levels. 

Nicotinic acid may be the drug of first choice for 
treatment of isolated hypoalphalipoproteinemia. This- 
drug probably increases HDL levels better than any oth- 
er. Unfortunately, it also is accompanied by a variety of 
adverse effects, and many patients are not able f 
it for prolonged periods. For this reason, 
must be given to the use of other agents. Tw 
bilities are gemfibrozil and k 
tors believe that gemfibrozil 
In the Helsinki Heart Stud: 








risk for CAD, and part of this beneficial effect was attrib- 
uted to an induced increase in HDL cholesterol concen- 
ations. Another drug that has been reported to increase 
HDL levels modestly is lovastatin. For this reason, we 
_ performed a study to compare gemfibrozil therapy with 
ovastatin therapy in 22 men with low HDL cholesterol 

nd normal plasma lipids.*! 
_ The effects of gemfibrozil therapy in these patients 
listed in Table IX. Treatment with the drug caused a 
lest reduction in plasma total cholesterol and a mod- 
erate decrease in triglyceride levels. VLDL cholesterol 
concentrations significantly decreased, but no changes 
were noted for LDL cholesterol or LDL apo B. HDL 
olesterol concentrations increased modestly, i i.e., about 
0%. Results for lovastatin therapy are given in Table X. 
Although lovastatin therapy reduced plasma triglyceride 
levels less than gemfibrozil, lovastatin therapy had about 
_the same effect on VLDL cholesterol levels. Lovastatin 
therapy caused much more marked reductions in total 
cholesterol, LDL cholesterol and LDL apo B concentra- 
tions. Moreover, lovastatin increased HDL cholesterol 
_ approximately 10%, the same as gemfibrozil. Thus, over- 
_all, lovastatin therapy produced a much better response in 
plasma lipoproteins than did gemfibrozil therapy. For 
this reason, we suggest that lovastatin is a better alterna- 
< tive to nicotinic acid for treatment of hypoalphalipopro- 
nemia with normal plasma lipids than is gemfibrozil. 
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The usefulness of HMG CoA reductase inhibitors for 
tment of severe hypercholesterolemia i is well estab- 
ished and fully justified. The same is true for treatment 
of patients with moderate hypercholesterolemia who oth- 
erwise are at high risk for CAD. For those with moderate 
*levations of LDL cholesterol who are not at high risk, it 
nay be prudent to use maximal dietary therapy, or at 
“most, to use bile acid sequestrants with dietary therapy. 
_ However, as shown by several investigations from our 

_ laboratory, HMG CoA reductase inhibitors may be use- 
-ful drugs for treatment of other forms of hyperlipidemia. 
>. These include mixed (combined) hyperlipidemia, diabet- 
_ ie dyslipidemia, nephrotic dyslipidemia and hypoalphali- 
- poproteinemia. Although our studies do not provide proof 
that reductase inhibitors are effective in reducing risk of 
CAD in these conditions, or that they are entirely safe for 
. long-term use, our data are highly suggestive of benefit. 
Future clinical trials of drug therapy for these conditions 
should use HMG CoA reductase inhibitors as one arm of 
e study. In addition, among high-risk patients with one 
of these various dyslipidemias, consideration can be given 
to using a reductase inhibitor at the current time. 
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There is substantial evidence that drug treatment 

hypercholesterolemia i in patients without known 

coronary artery disease (CAD) can reduce fatal and 

nonfatal CAD events. Two trials, the Lipid Re- 

search Clinics Coronary Primary Prevention Trial 

d the Helsinki Heart Study used cholestyramine 

d gemfibrozil, respectively, to alter lipoprotein 
els; their demonstrated efficacy and safety have 

ed to their widespread use in hyperlipidemic pa- 
























Recently, a new class of hypolipidemic agents 
as been shown to be extremely effective in lower- 
ing total and low-density lipoprotein cholesterol lev- 
is. These drugs, including lovastatin and simvasta- 
tin, competitively inhibit 3-hydroxy-3-methyiglu- 
ryl coenzyme A reductase, the rate-limiting 
_ enzyme of intracellular cholesterol synthesis. Re- 
_ sults of safety and efficacy studies suggest that 

y may be valuable first-line treatment options 
high-risk hypercholesterolemic patients. 
wo long-term clinical trials are planned with lo- 
statin and simvastatin. In the United States, lo- 
astatin will be used in a double-blind, placebo-con- 
trolled, primary prevention trial involving 8,000 pa- 
tients without clinical evidence of CAD, slight to 
moderate elevations of total cholesterol, and low- 
and high-density lipoprotein cholesterol to establish 
whether 5 years of treatment will decrease the rate 
_of fatal CAD or nonfatal myocardial infarction. A 
© Scandinavian study of 4,000 patients with ischemic 
«heart disease and hypercholesterolemia will deter- 
mine if simvastatin will improve total survival and 
reduce fatal or nonfatal myocardial infarction and 
sudden death for at least 3 years. These study de- 
signs will be discussed and compared with other 
a _ studies, and the expected impact on CAD event 

: Tates presented. 
i (Am J Cardiol 1990;66:39B-43B) 
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in 1987, and of simvastatin in Western Europe and 

Scandinavia in 1989, marked a new era in the 
management of hypercholesterolemia. These medica- 
tions are the first in a class of drugs that competitively 
inhibit the enzyme 3-hydroxy-3-methylglutaryl coen- 
zyme A (HMG CoA) reductase that controls intracellu- 
lar cholesterol synthesis. The combination of excellent 
patient tolerance, low side-effect profiles, and pro- 
nounced efficacy in reducing low-density lipoprotein 
(LDL) cholesterol have made them popular options with 
physicians for the primary and secondary prevention of 
coronary artery disease (CAD) due to hypercholesterol- 
emia. On the other hand, the landmark results of the 
Lipid Research Clinics Coronary Primary Prevention 
Trial (LRC-CPPT),! the Helsinki Heart Study (HHS),? 
and the long-term mortality report of the Coronary Drug 
Project? have led many lipid experts in the United States 
to recommend cholestyramine, niacin and gemfibrozil as. 
first-line treatment options for patients at risk for CAD, 
In an effort to confirm the results of these studies, several 
important trials with lovastatin and simvastatin are 
planned that should directly address their safety and effi- 
cacy in both the primary and secondary prevention | 
CAD. The details of 2 of these trials, the Lovasta 
Primary Prevention Trial (LPPT) and the Scandinavian 
Simvastatin Survival Study, will be discussed and the 
worldwide clinical experience with simvastatin will be 
reviewed. 


Te introduction of lovastatin in the United States 











































SIMVASTATIN CLINICAL EXPERIENCE 
Simvastatin is closely related to lovastatin in struc- 
ture, differing only in the addition of 1 methyl group (Fig. 
1). In fact, the naturally occurring lovastatin, a metabo- 
lite of Aspergillus terreus, serves as the base for synthet 
cally derived simvastatin. Both drugs are ingested in the 
inactive closed lactone ring form, and are converted to the 
active open B-hydroxy form by the liver. The pharmaco- 
kinetics of the 2 drugs are very similar*; about 30% of the. 
oral dose is absorbed and over 90% of that amount is 
extracted by the liver on first pass. Less than 5% of the 
active form of the drugs reaches the systemic circulation. 
Elimination is primarily through the gastrointestinal 
tract, through a combination of nonabsorption and bil- 
iary excretion. Urinary excretion accounts for less than 
10% of the total elimination. Both lovastatin and simvas+ 
tatin have structural components that are analogs of 
HMG CoA, and as a consequence, will competitivi 
inhibit this rate-limiting enzyme. This action will resu 
a reduction of intracellular cholesterol synthesis 
increase in cellular membrane LDL receptor exp! 
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tin for HMG CoA reductase, whereas simvastatin ap- 
_ pears to be twice as potent as lovastatin in such affinity 
- tests. Clinical efficacy studies on total and LDL choles- 
terol reduction, discussed later, generally confirm that 
‘simvastatin is approximately twice as potent in milli- 
gram-to-milligram comparisons with lovastatin. 
Approximately 10,700 patients worldwide have been 
udied with simvastatim as of early 1989, and about 
200 of these have taken the drug for at least 2 years. 
he side-effect profile is quite similar to that of lovasta- 
n, confined to reversible hepatic transaminase elevations 
<2.5%), myositis (<2%) and gastrointestinal complaints 
(nausea, diarrhea). Thus far, no evidence has linked lo- 
__vastatin and simvastatin with the formation of lens opaci- 
_ ties. Although the precise mechanism of myositis attrib- 
~ uted to the HMG CoA reductase inhibitors is unknown, 
an interaction of several drugs with the reductase inhibi- 
- tors appears to increase the risk. Therefore, the concomi- 
tant use of cyclosporine, fibric acid derivatives, niacin, or 
erythromycin with lovastatin and simvastatin is discour- 
- aged until further studies can clarify the risk-to-benefit 
ratio. 

Studies examining theefficacy of simvastatin in short- 
_ term administration are summarized in Table 1.5}! Vari- 
ous dosing regimens of 2.5 to 80 mg/day were employed 
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| TABLE I Simvastatin—Short-Term Studies (Less than Six Months) 
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FIGURE 1. Structure of various 3-hy- 
droxy-3-methyigiutaryl coenzyme A 


(SRI-62320) 





























in hypercholesterolemic subjects. Nakaya and Goto’ and 
Bocanegra et al! show that administration of simvasta- 
tin, 2.5 to 10 mg/day, can achieve 22 to 26% reductions in 
LDL cholesterol levels, suggesting an efficacy similar to 
that of lovastatin at doses of 20 mg/day. Bocanegra et 
al!° also demonstrated that 10 to 20 mg/day of simvasta- 
tin achieved LDL cholesterol reductions (34%) similar to 
those achieved with 40 mg/day of lovastatin. Reports 
from long-term simvastatin efficacy studies (Table II) 
help to confirm the clinical impression that simvastati , 
approximately twice as potent as lovastatin in milligra 
to-milligram doses.!*-!¢ 

Simvastatin has been compared directly to other h 
polipidemic medications in terms of efficacy. The Sim- 
vastatin Multicenter Study Group I!” was a 12-week, _ 
randomized, double-blind comparison of simvastatin (20 
and 40 mg) and probucol (1,000 mg/day). The principal. 
results, listed in Table III, demonstrate the considerable 
advantage of simvastatin in LDL cholesterol and apolipo- 
protein B reductions compared with probucol. Advers 
events in this short-term study were small and not diffe: 
ent among the 3 treatment groups. Gemfibrozil was com: 
pared with simvastatin in a large number of subjects b 
Bocanegra et al.!° This randomized, double-blind, 1: 
week trial in 290 patients with primary hypercholestero 
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reviations as in Table |. 


stratified each subject according to his or her LDL 
olesterol level. Stratum I had LDL cholesterol levels 
24,3 mm/liter (170 mg/dl) but <5 mm/liter (195 mg/ 
di), and stratum II had levels >5 mm/liter. The results 
listed in Table IV. It is apparent that simvastatin, in 
s of 10 to 20 mg/day, is superior to gemfibrozil in 
tal and LDL cholesterol reduction. The incidences of 
erse events attributable to simvastatin were minimal. 
patic transaminase (alanine aminotransferase and as- 
fate aminotransferase) elevations over 3 times the up- 
imit of normal were seen in <2% of patients, and 
ere reversible. Elevations in creatine kinase greater than 
mes the upper limit of normal were seen in 2.5% of 
ts; however, none of these patients was symptomat- 
was considered to have active myositis. 


JPC SED CLINICAL TRIALS 

; mentioned previously, there are 2 large-scale pri- 
prevention drug trials that have demonstrated very 
vorable reductions in CAD morbidity and mortality 
en cholesterol levels are reduced in high-risk men. In 
RC-CPPT, an 8 to 9% reduction in total cholesterol 
cholestyramine produced a 19% decline in CAD 
events over 7.4 years.! In the HHS, when gemfibrozil 
roduced a 9% decrease in total cholesterol plus a 10% 
increase in HDL cholesterol, there was a 34% decline in 
definite CAD events over 5 years.* Both of these land- 
ark trials included high-risk men, aged 35 to 59 years 
with elevated LDL cholesterol levels (average 215 mg/dl 
the CPPT, 189 mg/dl in the HHS). The HHS was the 
st trial to underscore the importance of HDL cholester- 
to CAD risk. The subgroup of men with HDL levels 
ss than 45 mg/dl who had type IIb lipoprotein pheno- 






















TABLE Ill Mean Lipid Levels (mg/dl) (Baseline and 
frreatment) in Simvastatin Multicenter Study Group Il 






Week 12 





Simvastatin 
(40 mg) 


80 


Simvastatin 
(20 mg) 


82 


Probucol 


81 


Baseline 










aicholesterol 323 240 (-26%) 216(-33%) 285(—12%) 
LDL cholesterol 251 168(-33%) 142(-43%) 227(-10%) 
cholesterol 45 50(+11%) 50(+11%) 33(-27%) 

: 137(-33%).. 116(-43%) 162 (-21%) 





120 (-24%) 121 (23%). 152(-4%) 





oun sas 
à ted from Amn J Cardiol”? ; 


E II Simvastatin—Long-Term Studies (More than Six Months) 
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type and received gemfibrozil, demonstrated the greatest 
reduction in CAD events.!8 Cox proportional hazards 
analysis of the HHS has suggested that the increase in | 
HDL cholesterol contributed significantly to the overalt. 
reduction in CAD seen in the trial. 

There has been some criticism of these studies, how- 
ever. The fact that the CPPT results could only reach. 
statistical significance at the 0.05 level by use of thẹ 
single-tailed Student’s t test has weakened its impact. The 
use of cholestyramine in the CPPT was associated with 
significant compliance problems, and has brought into 
question the usefulness of this drug in long-term preven- 
tion strategies. No definite conclusions concerning treat- 
ment recommendations for women or patients older than 
60 years could be reached. Although CAD mortality wa: 
reduced, there was no benefit of drug treatment on tota 
mortality. Addressing these criticisms is part of the ratio- 
nale for organizing the largest primary drug prevention 
trial of CAD ever attempted. 

The lovastatin primary prevention trial, to be referred 
to as the Air Force Coronary Atherosclerosis Prevention | 
Study (AFCAPS), is a randomized, double-blind, place 
bo-controlled trial involving 8,000 patients in 2 military 
hospitals in San Antonio, Texas. The primary objective of | 
the study is to investigate whether treatment with lovasta. 
tin in patients without clinical evidence of CAD, but with 
slight to moderately elevated cholesterol and low HDL | 
cholesterol levels, will decrease the rate of nonfatal myo- 
cardial infarction or fatal CAD over at least 5 years. 
Secondary objectives are to determine whether lovastatin. 
will decrease the rates of hospitalization due to: CAD and 








































TABLE IV Simvastatin and Gemfibrozil Effects on Plasma 
Lipids in Primary Hypercholesterolemia 













Mean % Change 





Drug No. of 
(dose per day) Pts. TC 


68 













Simvastatin (stratum 1) 
5-10 mg 

Simvastatin (stratum i) 78 
10-20 mg 

Gemfibrozil (stratum 1) 69 
1,200 mg 

Gemfibrozil (stratum {f} 75 

1.200 mg 
` Stratum LDL cholesterol 24.3 aid < 5 mm /iiter. =- 


: Stratum H-LDL cholesterol >5.mmi /liter. 
viations: asin Table | : 



































__ other atherosclerotic vascular disease, the need for coro- 
ry bypass grafting and percutaneous transluminal cor- 
onary angioplasty, the cevelopment of angina and posi- 
e electrocardiographic changes, and total mortality. 

The patient population will include men (aged 45 to 70 
years) and women (aged 55 to 70 years) who are free of 
nically evident CAD and meet the following lipid crite- 
: total cholesterol 180 to 240 mg/dl (4.65 to 6.2 mm/ 
liter), LDL cholesterol 130 to 190 mg/dl (3.36 to 4.91 
_ mm/liter), HDL cholesterol <45 mg/dl (<1.16 mm/ 
liter) and triglycerides <400 mg/dl (<4.54 mm/liter). 
_ These lipid entry criteria are based on the mean of 2 
cessive determinations after patients have been eating 
a lipid-lowering diet for at least 8 weeks (American Heart 
sociation phase I diet). The active treatment phase will 
we all patients randomized into 2 groups: group I — 
_ lovastatin 20 mg/day as an evening dose; group H — 
placebo once a day as an evening dose. The goal of 
_ therapy in the study is te reduce serum LDL cholesterol 
as much as possible to <110 mg/dl ($2.84 mm/liter). 

After 12 weeks of therapy, all patients whose serum LDL 
- cholesterol is 2110 mg/dl at 2 successive measurements 
- -will have their medication increased to 2 doses a day. A 
`: central laboratory will have computer-generated instruc- 
tions for dose changes which should maintain the blind 
during the study. 

The sample size estimation and power of the study 
assumes a 4% cumulative total CAD event rate in the 
_ placebo group. To achieve a power of 90% at an a of 0.05 
(2-sided) for detecting a 33% reduction in the total CAD 
event rate in the lovastatin-treated group, the sample size 
-needs to be approximately 8,000 subjects. Based on these 
_ assumptions, the expected total number of CAD events is 
= estimated to be 270 in this study. All of the patients will 
be followed until the last randomized patient has com- 

< pleted 5 years of treatment or until the expected 270 
“CAD events are recorded, whichever comes last. The 

final analysis of the trial will be on the “intention-to- 
“treat” format for all end points. 

There are several unique aspects of the AFCAPS that 
have not been addressed in previous primary prevention 
- studies, First, the patient population will include subjects 
up to age 70 years at the time of randomization. This 
_ means a substantial number of subjects could be between 
65 and 75 years at the end of the study. As a result, 
_ analysis of these patients may permit an examination of 
-the benefits of primary drug prevention for CAD among 
-older age groups. The study also allows women of post- 
"menopausal age to enter. If their numbers are sufficiently 
: Breat, this would be the first analysis of the benefits of 
primary drug prevention in women. In direct contrast 
-< with the CPPT and HHS, the AFCAPS is including 
patients with more modest elevations of total and LDL 
_ cholesterol levels, which should help to address the bene- 
- fits of primary treatment in the range of hypercholester- 
_ olemia (180 to 240 mg/dl) most often observed in pa- 
o tients who develop CAD in the United States. 
The study has targeted a goal of therapy, based on 
=: LDL cholesterol, that is to be achieved in the treatment 
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group. The chosen sa goal of LDL cholesterol < S110 mg/dl 


has not uniformly been achieved in a primary prevention __ 
study. The AFCAPS Steering Committee recommended __ 
goal-oriented therapy because it reflects the basic drug 
treatment philosophy of the National Cholesterol Educa- 
tion Program Expert Panel, which has recommended us- 
ing LDL cholesterol cutpoints as goals of hypercholester- 
olemic therapy.'? Last, the AFCAPS will terminate at- 
270 expected primary end points, not on a definite calen- _ 
dar time. This feature will ensure that the study reaches _ 
sufficient significance to detect or not detect a benefi t ol 
treatment. : 
The Scandinavian Simvastatin Survival Study is a 
secondary prevention trial that will involve approximate- 
ly 4,000 patients in 100 centers throughout 4 Scandina- 
vian countries. The primary objective is to investigate _ 
whether treatment with simvastatin in patients with isch- — 
emic heart disease and hypercholesterolemia will improve 
overall survival during at least a 3-year period. Secondary — 
objectives are to determine whether simvastatin treat- _ 
ment will reduce fatal or nonfatal myocardial infarcti 
and sudden death. The randomized, double-blind, pla 
bo-controlled study criteria require patients to be men 
and women aged 35 to 70 years with either a 3-month or 
longer history of angina pectoris or a myocardial infarc- 
tion at least 6 months before entry. They must also havea 
fasting total cholesterol level between 5.5 mm/liter (213... 
mg/dl) and 8.0 mm/liter (310 mg/dl) after 8 weeks of — 
dietary treatment. Patients with a typical history of angi- 
na must aiso have 1 of the following objective evidences of © 
CAD: an electrocardiogram with ischemic changes dur- 
ing an episode of typical chest pain, an exercise electro- 
cardiogram showing definite ischemia, or at least 1.coro- 
nary artery with 270% stenosis detected by angiography. 
Patients with a myocardial infarction (by classic criteria) r 
must also be classified as low risk if there is no evidenceof . — 
congestive heart failure, no evidence of chronic atrial 
fibrillation or flutter, and no need for chronic antiar- 
rhythmic medication. Active treatment will include ] pa- 
tients randomized to either simvastatin 20 mg as an eve- 
ning dose or simvastatin-placebo. After 12 weeks, pa: 
tients with a total cholesterol greater than 5.2 mm/liter 
(200 mg/dl) will have their medication increased to 1 
tablet twice a day. Any patient who has a total cholesterol — 
remaining above 9.0 mm/liter (350 mg/dl) at week 24 
will be withdrawn from the study, and any patient who © 
has a total cholesterol below 3.0 mm/liter (120 mg/dl) 
will have his or her medication dose cut in half. It is 
desired that patients in the simvastatin-treated group. 
have their total cholesterol below 5.2 mm/liter, and as. 
close to 3.0 mm/liter as possible for the length of the 
study. The time course of treatment is to be at least 3. 
years or until 380 expected deaths are observed, whichev- 
er comes last. There is an early stopping rule using group- 
sequential design, with analysis at 180 deaths, 300 deaths : 
and 380 expected deaths. a 
The estimation of sample size and power assumes that 
the annual total mortality rate is 10% in the placebo S 
patients with stable angina, and 12%i in panoni with low- 















risk k myocardial infarctions. The sample size needed, 
therefore, is approximately 3,600 patients to reach a pow- 
of 95% at an æ of 0.05 for detecting an overall 30% 
eduction in mortality in the active drug treatment group. 
The final analysis will be based on the “intention-to- 
treat” approach for the primary end points. 

-The Scandinavian Simvastatin Survival Study is 
nique for several reasons. First, it is the largest secon- 
dary prevention trial to be attempted. The Coronary 
drug Project had 1,119 men randomized to niacin and 
the Stockholm Ischemic Heart Disease Study” had only 
79 patients randomized to treatment (niacin and clofi- 
rate). Both of these studies showed significant reduction 
total mortality, one occurring at 5 years (Stockholm) 
and the other at 15 years.>?° It is expected that the 
simvastatin study, because of its size, will take approxi- 
mately 3 years to demonstrate this benefit. As with the 
AFCAPS, the simvastatin study will include women. It 
also has defined treatment goals for the active drug 
‘oup, based on total cholesterol. The patients defined for 
ntry: have total cholesterol levels that fall in the range 
hat is seen most often in patients with CAD in this 
try (215 to 310 mg/dl). A positive result favoring 
i in this study would then be directly applicable 
to almost all patients who have objective evidence of 


































JSSION 
e cause and effect relationship between blood lipid 
rmalities (predominately high LDL cholesterol) and 
e development of coronary atherosclerotic disease has 
been demonstrated beyond reasonable doubt. Both pri- 
maty. (LRC-CPPT, HHS)!3 and secondary (Coro- 
ry Drug Project, Stockholm Ischemic Heart Disease 
udy)>° drug prevention studies have provided the best 
‘data to support the lipid hypothesis. However, these stud- 
jes were limited in their scope; they enrolled mostly mid- 
~ dle-aged men with very high total cholesterol levels, and 
__ did not firmly establish how aggressively to treat patients 
at risk. The inclusion of older patient groups and women, 
-~ the use of more moderate cholesterol elevations as entry 
Criteria, and the use of goal-oriented cholesterol treat- 
ment in both the AFCAPS and the Scandinavian Sim- 
_. vastatin Survival Study should provide extremely valu- 
_ able, clinically relevant information in the management 
of cholesterol abnormalities for the primary and secon- 
dary prevention of CAD. 
_ At the very least, final results favoring treatment in 
these studies should strengthen the national effort to de- 
ect and modify elevated blood cholesterol levels in adults 
































in order to reduce the incidence of the number o one caus 
of death in the United States. 
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_ Expanded Clinical Evaluation of Lovastatin | 

(EXCEL) Study: Design and Patient . 
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Placebo-Controlled Study in Patients with | 
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Harold Schnaper, MD, and Wendy P. Stephenson, MD, MS, MPH 





_ The randomized, double-blind, placebo-controlled 
_ trial described in this report was undertaken to 
-clarify the dose-response relation of lovastatin 
therapy to lipid-modifying efficacy (lipid lipoprotein 
modification) and drug-related adverse events in a 
_ population with moderately elevated fasting plasma 
_ total cholesterol (240 to 300 mg/dl) and low-densi- 
_ ty lipoprotein cholesterol (>160 mg/dl). Men or 
women (postmenopausal or surgically sterile), aged 
18 to 70 years, were entered into the trial with 
minimal exclusion criteria. After 4 to 6 weeks of an 
American Heart Association phase I diet or a more 
_ stringent diet, 8,245 patients from 362 sites were 
- randomized to 1 of 5 parallel diet and drug treat- 
_ ment groups: placebo {n = 1,663) or lovastatin, 20 
"mg (n = 1,642) and 40 mg (n = 1,645) with the 
_ evening meal, and 20 mg (n = 1,646) or 40 mg 
_ twice daily (n = 1,649). The regimen of diet and lo- 
--vastatin (or placebo) was followed for 48 weeks. 
- The 5 treatment groups were similar at baseline. 
` The total cohort had the following characteristics: 
59% were men (mean age 56 years); 92% were 
- white; 59% had completed at least 1 year of edu- 
cation beyond high school; 57% had a history of 
_ cardiovascular and associated disease; 40% had a 
- history of hypertension; and 29% had coronary ar- 
tery disease. Health habits were similar among 
_ groups, with 18% of patients reporting cigarette 
_ smoking, 14% reporting that they consume >1 al- 
__ coholic beverage daily and 67% reporting no stren- 
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uous exercise. Mean lipid/ipoprotein levels were 
also similar among groups, with the following aver 
age levels: total cholesterol (258 mg/dl), low-densi- __ 
ty lipoprotein cholesterol (180 mg/dl), high-density _ 
lipoprotein cholesterol (45 mg/dl) and triglycerides. _ 
(median = 155 mg/dl). The large size of this trial, — 
its placebo-controlled, double-blind design and the 
similarity of treatment groups at baseline should al- 
low clear documentation of the long-term effects of 
lovastatin treatment and generalization of the re- 
sults to a substantial portion of patients who may 
be candidates for lipid-modifying therapy. 

(Am J Cardiol 1990;66:44B-SSB) 


3-hydroxy-3-methylglutaryl coenzyme A (HMG: 
CoA) reductase.! This inhibition results in re- 
duced synthesis of hepatic cholesterol, from acetate, up- 
regulation of hepatic low-density lipoprotein (LDL) re- 
ceptors and subsequent reductions in the plasma concen- 
tration of LDL cholesterol. In addition to the observed 
dose-dependent reductions in mean LDL cholesterol lev- 
els of 17 to 42%, reduced levels of triglycerides. (14 to 
27%) and increased levels of high-density lipoprotein 
(HDL) cholesterol (8 to 13%) are also observed wit 
lovastatin therapy. 
In large, multicenter, controlled, double-blind clinical 
trials of short duration, lovastatin was well tolerated - 
with only rare serious drug-attributable adverse experi- 
ences.^ 8 During extended open-label treatment, 2 suc- 
cessive elevations in serum transaminase levels were re- _ 
ported in 1.9% of adult patients who received lovastatin _ 
for at least 1 year.? Myopathy (defined arbitrarily as 
elevations in creatine phosphokinase [CPK] exceeding 10 
times the upper limit of normal, with associated muscle — 
symptoms) was reported in 0.5% of patients.’ New lens 
opacities were also observed, but the causal relation 1 
lovastatin has not been established.*'° Conclusions. rela 
ing lovastatin’s relation to adverse experiences h 
uncertain because (1) extended treatment perioc 
unblinded and uncontrolled, os some | 


| ovastatin is a potent competitive inhibitor of 









itly received other lipid-lowering drugs as well as po- 
tially toxic agents (e.g., immunosuppressants), (3) pa- 
nts were recruited from specialized lipid research and 
atment centers and had severe hypercholesterolemia 
(total cholesterol 2300 mg/dl), and (4) almost all of 
these patients (72%) received 80 mg/day of lovastatin 
(the maximal recommended daily dose). 

_ The multicenter trial described herein was undertak- 
to clarify dose-response relation of lovastatin therapy 
—  toitslipid/ lipoprotein-modifying efficacy and treatment- 
-— telated adverse events in a population with moderately 
— elevated plasma LDL and total cholesterol levels. Impor- 
tant attributes of this study include (1) the selection of 
patients with primary type H hyperlipoproteinemia (hy- 
_ percholesterolemia) with moderate elevations in LDL 
_ cholesterol, (2) recruitment from a diversity of primary 
_ health care sources, (3) randomization to fixed treatment 
regimens of lovastatin or placebo for a 48-week treatment 
period, (4) exclusion of concomitant lipid-lowering 
agents, and (5) a sample size large enough to detect the 
dose-response relation for relatively rare events such as 2 
successive serum transaminase elevations. 

-~ This report describes the study objectives, design, 
methods and patient cohort at baseline and evaluates the 
success of the randomization process. 

































atients: Participating centers recruited men or wom- 
with primary type II hyperlipoproteinemia (hypercho- 
terolemia), defined as fasting plasma total cholesterol 
level of 240 to 300 mg/dl, LDL cholesterol level 2160 
mg/dl and triglyceride level <350 mg/dl. 
The exclusion criteria were selected to approximate 
conditions in medical practice. The following were ex- 
ded: (1) premenopausal women (unless surgically ster- 
: lized); (2) patients older than 70 or younger than 18 
; years; (3) patients with primary types of hyperlipopro- 
_ teinemia characterized by elevations in lipids other than 
_. LDL cholesterol; and (4) those with secondary causes of 
oS - hyperlipoproteinemia (e.g., hypothyroidism, uncon- 
trolled diabetes, nephrotic syndrome). To minimize con- 
fusion in assessing the etiology of potential adverse 
= events, patients with the following were also excluded: 
impaired hepatic function (or liver function test results 
:- >10% above the upper limit of the normal range); base- 
line CPK >1,000 U/liter; current or recent history of 
-~ drug or alcohol abuse, defined as the consumption of >14 
-alcoholic drinks each week; concurrent use of other lipid- 
_ lowering or investigational drugs; or other significant or 
unstable medical conditions or concomitant therapies 
_ that, in the investigator’s opinion, could confound the 
_ results of the study or pose a risk to the patient (e.g., 
. symptoms of unstable coronary insufficiency; ventricular 
ectopic beats >5/min; coupling or R-on-T phenomenon; 
r having had a myocardial infarction, coronary artery 
yypass graft or coronary angioplasty within the previous 
: months). 
Patients with preexisting coronary artery disease 
AD) and other CAD risk factors (e.g., hypertension, 
















roi id hormone who had normal thyroxine levels and 


tte smoking) were not excluded. Patients taking- 
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patients with diabetes who were treated by diet alone 
(fasting blood sugar <140 mg/dl) also were not exclud- 
ed 







Experimental design and hypotheses: This multicen- 
ter trial was designed as a randomized, placebo-con- 
trolled, double-blind trial with 5 parallel treatment 
groups of approximately equal size. After a 4- to 6-week 
diet-only run-in baseline period, patients were treated for 
48 weeks with both diet and 1 of the following 5 regimens: 
lovastatin, 20 or 40 mg with the evening meal (qpm), and 
20 or 40 mg twice daily, or placebo. The use of placebo 
was justified by the lack of evidence to suggest that 48 
weeks of therapy would significantly reduce the risk of 
CAD in patients under medical supervision who are en- 
couraged to pursue an appropriate diet.!!.!2 Adherence to 
the American Heart Association phase I diet or a more 
stringent diet was encouraged throughout the trial, and 
alert levels for unacceptable elevations in lipids were set. 
Each center obtained ethics committee approval of the | 
study and written informed consent was obtained from 
participants. The trial was initiated before publication of 
the National Cholesterol Education Program (NCEP) 
consensus guidelines for the management of hypercholes- 
terolemia in adults.!3 

The sponsor (Merck Sharp & Dohme Research Lab- 
oratories, West Point, Pennsylvania) was responsible for 
protocol development and policy decisions. Responsibility 
for execution of the study was contracted to Clinical 
Research International, Inc. (Research Triangle Park, 
North Carolina). SmithKline Bioscience Laboratories 
(Clinical Trials Division, Van Nuys, California) served as 
the central laboratory for the study. 

A sample size of at least 1,418 patients per treatment 
group completing 48 weeks of therapy was required to 
allow for detection of a 0.1 vs 1.0% between-group differ- 
ence in the incidence of 2 successive serum transaminase 
elevations >3 times the upper limit of normal with 90% 
power using a 5% a level 2-tailed test. This sample size 
would also allow for the detection of a difference of 3 
percentage points (e.g, 5 vs 8%) in the proportion of 
patients achieving plasma total cholesterol levels <200 
mg/dl and a difference of 5 percentage points (e.g., 25 vs 
30%) in the incidence of lens findings by slit-lamp exami- 
nation. The total number of patients to be randomized to 
drug therapy (n = 8,000) was based on the assumption 
that 12% would withdraw early. 

Masking of treatment groups was achieved with the 
use of identical tablet i images for active doses and place- 
bo. The only difference in tablet composition was the 
relative amount of lovastatin (0 to 40 mg) and lactose 
(169 to 129 mg) used to equalize tablet weights. All 
patients received am- and pm-labeled bottles to allow for 
twice-a-day dosing. Patients, investigators and study 
monitors were blinded to treatment group assignment. To. 
maintain the blind, the central laboratory revealed lipid 
values during the study only when they were elevated 
beyond predefined alert levels (total cholesterol >350 
mg/dl or triglycerides >800 mg/dl). In addition, the 
individual treatment assignments remained unknown to 
all those involved in patient monitoring, data collection, 
coding: and baseline data analysis until patients had com 
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l- ECG = electrocardiogram. 


. pleted the study and all major data-related questions had 
: been resolved. 
> The analysis of efficacy will address the following 

specific questions as they relate to total cholesterol, LDL 
holesterol, high-density lipoprotein (HDL) cholesterol, 
triglycerides, total cholesterol/HDL cholesterol ratio and 
1L/HDL cholesterol ratio: (1) Does lovastatin 20 mg 
qpm differ from placebo in its effects on lipid levels? (2) 
- Do higher total daily doses (20 vs 40 vs 80 mg) of lovasta- 
_ tin correspondingly increase the effect on lipid levels? (3) 
- Does lovastatin 20 mg twice daily differ from lovastatin 
40 mg qpm in its effects on lipid levels? 
The safety analyses will also address dose-response 
relationships. Included in these analyses will be tests of 

the dose-response relations for 2 successive serum trans- 
-aminase elevations exceeding 3 times the upper limit of 
_ normal (patient distributions by time) and the distribu- 
_ tion of change in slit-lamp lenticular findings for each of 7 
_ lens categories after 48 weeks of treatment. 
-Intervention periods: The study was divided into 2 
periods: a baseline diet-only period lasting 4 to 6 weeks, 
_and a diet and drug therapy period lasting 48 weeks. 
- Table I summarizes scheduled protocol visits and tests. 
The baseline period began with a screening visit at 

which time fasting plasma lipid levels and other inclu- 
_ sion/exclusion critera were determined. Patients who met 
the clinical (nonlipid) inclusion/ exclusion criteria were 
_ instructed to initiate or maintain an American Heart 
Association phase I diet or a more stringent diet and 
toa qualifying visit, which took place 2 to 4 
reeks after the screening visit. The fasting plasma lipid 

levels at the qualifying visit were used to determine lipid 
igibility for entry into the trial. Because of the analytic 
inherent biologic variation in cholesterol measure- 
ment, patients within 3% of the entrance criteria for 
total and LDL cholesterol were allowed to qualify for 
S me eligibility if f they b had a prior nery of measure- 
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Allocation 


* Baseline examinations to be performed after qualifying but before allocation to drug therapy. 





Drug Therapy {Plus Diet) 





OM KO E ae ee te 


x x x x x x x 
x x x x x x X 
x 
x 
x x x x x x x 
x x x x x 


ments within the protocol range. Serum chemistry and _ 
hematology testing were performed as well as urinalysis, _ 
physical examination, electrocardiography, chest zty i 
and ophthalmologic examination. a 
After 2 weeks, patients meeting the lipid and clinical 
criteria returned for the allocation visit and were random- 
ized to drug therapy. Blood samples were drawn for de- 
termination of fasting plasma lipid levels, and serum. 
chemistry and hematology testing was performed. Dem 
graphic information, family history, preexisting condi 
tions and concomitant therapies were recorded. During 
the next 48 weeks, visits were scheduled every 6 weeks. 
Patient symptoms were recorded, and serum chemistry 
and hematology determinations were obtained at each 
visit. Fasting plasma lipid determinations were obtained 
every 12 weeks. No other formal interventions (e.g., 
smoking cessation, exercise) were required by the proti 
col. 
Laboratory determinations: All protocol-specified 
determinations were performed by the central laboratory 
to ensure standardization of laboratory procedures. Blood. 
samples were collected by venipuncture while the partici- 
pants, who had fasted overnight, were seated. Plasma 
samples were prepared by collection with ethylenedia- 
minetetraacetic acid (EDTA) and subsequently centri- 
fuged. Serum specimens were prepared by allowing the 
specimen to clot for 30 to 60 minutes and subsequently 
centrifuging. A separate serum vial was prepared and 
frozen for CPK determination. Specimens for determina 
tion of complete blood count and differential and platelet 
counts were prepared by collection with EDTA. Speci- 
mens were picked up by special courier, maintained in 
refrigerated or frozen (sample for CPK determination 
only) conditions and delivered to the central laboratory. 
Fasting plasma total cholesterol was analyzed with 
the use of a standard enzymatic technique antitate 
cameos De formation arter r Bydroly 








BLE Il Predefined Alert Levels For Laboratory Measurements 
Laboratory 
: = Determination 


SGOT (U /liter) 


Reference Range 
(Age /Sex Specification) 


0-50 (<66) 

0-65 (66+) 

0-55 

0-235 (Male) 

0-190 (Female) 
0.7-1.4 (<66) 
0.7-1.8 (66+) 
0.2-1.2 (<66) 
0.2-1.4 (66+) 

20-140 


immediate’ 
Alert Levelt 


>150 


SGPT (U /liter) 
CPK, total (U /liter) 


>165 
>1,000 


Creatine 
<- (mg/dl) 
Bilirubin, total 
(mg/dl) 
Alkaline 
zii, phosphatase (U /liter) 
Fasting blood 
glucose (mg/dl) 
~Hemogtobin 
(g/dl) 


>3.5 
>4.0 
None 


70-115 (<51) 

80-125 (51+) 
13.8-17.2 (<66/male) 
11.8-16.8 (66+ /male) 
12,0-15.6(<66/female) 
11.1~15.5(66+/femaie) 

41-50 (<66/male) 

36-49 (66+ /male) 


<50 or >500 


<11.0 (male) 
<9.0 (female) 


i Hematocrit (%) <33 (male) 


<27 (female) 


35-46 (<66 /female) 
33-46 (66+/temale) 


White blood count 
(103mm?) 
Platelet count 
_(/mm) 
“Plasma total NA 
cholesterol (mg/dl) 
; Triglycerides (mg/dl) NA 


3.9-10.1 (<66) 
3.8-10.8 (66+) 
130.000--400,000 


Flagged by asterisk on laboratory reports to investigators. 


<2.0 or >20.0 
<50,000 or >800,000 
>350 


>800 


Immediate phone notification to investigator, contractor and sponsoring company except for lipid alert levels, which were not sent to investigator unless necessary for patient. 


ty. 
PK = creatine phosphokinase; NA = not applicable; SGOT = aspartate aminotransferase; SGPT = alanine aminotransferase. 


ion of cholesterol.!> HDL cholesterol was analyzed after 
ipitation of very low density lipoprotein and LDL 
ith phosphotungstic acid and magnesium chloride. 
HDL cholesterol was then measured by reaction with 
olesterol esterase and cholesterol oxidase.!6 Triglycer- 
les were determined after their conversion to free fatty 
acids and glycerol by measurement of the absorbance of 
the reaction of glycerol with glycerol kinase and pyruvate 
kinase at 340 nm.” LDL cholesterol levels were calculat- 
ed with the use of the Friedewald equation.'® 
_ After the trial was initiated, part I testing of the cen- 
tral laboratory in the Centers for Disease Control (CDC) 
ipid Standardization Program revealed a systematically 
fixed high bias for total cholesterol values (approximately 
6% above CDC target mean). To correct the bias, recali- 
ation and instrument (but not methodology) changes 
were suggested. Before making the changes, 2 sets of 
parallel tests (old vs new machine) were undertaken to 
nfirm the bias and to ensure that a stable correction 
factor could be applied to samples analyzed before the 
instrument change. The 2 sets of patient samples (n; = 
2 = 398) were collected and analyzed over separate 
eek intervals. The results confirmed the high bias for 
olesterol values, with linear regression coefficients 
ithout intercept) between the old instrument (y) 





































nd 0.9994 for the 2 sets of samples, respectivel 
fore, results for total cholesterol values 


trument (x) of 0.954 and 0.945 and r? of — 











instrument change were corrected by multiplying the te 
sult by 0.95. Triglyceride and HDL cholesterol values 
were unaffected by the instrument change. With the in 
strument change, the central laboratory was able to meet 
the CDC standardization criteria for total and HDL cho- 
lesterol. Of the 8,245 patients randomized, 6,747 (82% 
had at least 1 baseline lipid determination measured be- | 
fore the instrument change. 

Triglyceride determinations did not meet CDC stan: 
dardization criteria. An artificially high mean bias re 
sulted from failure of the procedure to correct for the free 
glycerol content of samples. The amount of bias was 
determined by split-sample assay comparing the values ; 
reported by the central laboratory with those reported by 
the CDC-standardized laboratory. Two sets of patient 
samples (n; = 75, m = 75) showed that the mean wa 
consistently overestimated by 19.2 mg/dl (12%), result- 
ing in an expected 3.8 mg/dl (2%) mean underestimation 
of LDL cholesterol by the central laboratory. No correc- 
tion factor was applied and, to date, internal reliability 
samples show no systematic drift in any of the mean lipid 
levels. This bias will have no effect on individual lipid 
responses for the efficacy analysis. The only likely. effes 
was a small increase in the number of patients excludes 
from participation because of low LDL cholesterol levels, 
The following serum assays were performed with t 
: of standard methodology at each scheduled visit a 
re ning visit: alanine aminotransferase (SGPT 
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All 
: Patients Placebo 
z Characteristic (n = 8,245) (n = 1,663) 

























| Age Group* 
: % S44 14:8. 14.1 15.2 15.3 13.6 16.1 
c% 45-49 10.1 10.1 10.8 9.2 9.7 10.9 
oo % 80-64 13.6 14.1 13.1 13,7 13.4 13.8 
< % 55-59 19.2 18.4 20.3 19.8 19.2 18.2 
neg 60-64 219 21.5 21.2 219 23.0 218 
BB+ 20.4 21.8 19.5 20.1 21.1 19.2 
Sex 
Ye male 58.9 58.3 60.1 59.0 57.8 59.2 
; % female 41.1 417 39.9 41.0 42.2 40.8 
Age” by sex 
do (mean + SD) 
i Male 53.94 10.4 54.1 410.4 53.8 10.1 53.54 10.3 54.6 + 10.3 53.54 10.6 
Female 58.4 + 7.8 58.7 +7.6 58.3 + 8.0 58.8 + 7.8 §8.5+7.6 57.7482 
Total 55.84 9.7 56.0 + 9.6 55.6 +49.6 55.7 + 9.7 56.2 +49.5 55.2 +9,9 
Race ; 
<% White 91.7 91.5 91.4 92.6 91.4 91.3 
= Y Black 5.6 5.5 5.8 5.0 55 6.0 
% Hispanic 1.9 2.2 1.8 1.6 2.2 1.9 
% Oriental 0.6 0.6 0.6 0.5 0.8 0.3 
: % Other 0.3 0.2 0.4 0.2 0.1 0.4 
Nears of school! 
Co Ye l-6 12 1.1 0.9 1.7 0.9 1.1 
o w 7-12 40.0 39.3 40.5 39.5 41.1 39.7 
6% 13+ 58.9 59.5 : ; : ; 







At time of randomization. 
Excludes 17 patients with missing information 
D = standard deviation. 


aspartate aminotransferase (SGOT), CPK, total biliru- 

, alkaline phosphatase, fasting blood glucose and cre- 
atinine. 19,20 Complete blood count included estimates of 
hemoglobin, hematocrit, white blood cells with a differen- 
tial count, and platelets. In addition, urinalysis was per- 
_ formed for the detection of protein, sugar, leukocytes and 
_ erythrocytes if a screening urine dipstick showed the pres- 
ence of protein, blood cells or nitrite. 

Demographic characteristics and health profile: At 
o the allocation visit, demographic characteristics includ- 
ing age, race, gender and years of school completed were 
recorded. At the same time, participants were questioned 
_ about a family history of cardiovascular disease (myocar- 
: dial infarction, stroke, hypertension) or diabetes mellitus. 

- - Beginning at allocation, height and weight, blood 
1 pressure (sitting) and temperature were recorded at each 
isit. Methods similar to those described by others”! were 
used to question participants about their health habits 
cluding the current amount of cigarette smoking, the 
eekly amount of strenuous exercise or hard physical 
bor (none, <3 times, 23 times), and alcohol intake. 
Compliance with study diet was assessed by patient self- 
eporting of the amount of time the study diet was main- 
- tained during the previous 6 weeks (response categories 
-were none of the time, less than half the time, half the 
_ time, most of the time, and all of the time). Concomitant 
_ medications, preexisting conditions and adverse experi- 
a ences (defined as any deterioration i in the health status of 
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BLE m Demographic Characteristics of Patients Allocated to bie Therapy 


20 mg qpm 
(n = 1,642) 


of notifi cation. The treatment code was is brol 


Treatment Group 





40 mg gpm 20 mg bid 


a patient, independent of cause, that occurred during the 
course of the trial) were recorded and subsequently cod- 
ed. Systematic guidelines for coding allowed grouping of | 
actual terms used to describe experiences or therapies 
into categories representing similar clinical conditions or 
drug classes. a 
Ophthalmologic examination: A detailed ophthalmo- o 
logic examination was performed at the allocation visit 
and at study weeks 24 and 48. Ophthalmologists were not 
to refer toprior examination findings when classifying the 
findings from the current examination. The findings from 
slit-lamp examination of the lens were recorded with the 
use of a system for classifying the presence and extent o 
findings in the cortex, nucleus and subcapsular regions of 
the lens.” Ophthalmologists were given written instruc 
tions along with photographic guidelines to increase th 
reliability of the classifications, and findings were recorc ] 
ed on standardized forms. 
Safety monitoring: Procedures were developed to o 
monitor safety for both individual patients and the enti 
patient cohort. The protocol required immediate p! 
contact with study monitors for any serious clinical ¢ 
verse event experienced by a patient (death, any life- 
threatening experience, hospitalization, permanent or se-_ 
vere disability, overdose or cancer). Details regarding the 
suspected relation to drug therapy, patient dispositi 
the trial and further follow-up were discussed at the tim 






































urrent cigarette smoking 
Note 


Aicohol consumption 
“None 

1-7 drinks /wk 
7 drinks /wk 


the following conditions: (1) a need to manage a 
ical emergency (after consultation with a study mon- 
and (2) the occurrence of a serious event considered 
drug-related and not previously described in the 
stigator’s confidential brochure or the lovastatin 
ckage circular. In addition to the notification system 
described, case report forms were reviewed to detect pre- 
usly unreported serious events. The decision to with- 
w a patient from the trial as a result of clinical adverse 
eriences was made by the investigator. 

< Results of laboratory tests were monitored centrally 
on a daily basis. Test results falling into an alert level 
(Table II) prompted contact with the investigator to dis- 
cuss. appropriate retests and disposition of the patient. 

Jased on prior experience with lovastatin, formal criteria 
retesting and trial discontinuation were developed for 
‘transaminase and CPK elevations. Treatment codes 
ere not broken in these instances. Patients who had liver 
insaminase elevations >3 times the upper limit of nor- 
mal on 2 occasions within 1 week were to be withdrawn 
om the trial. Patients who maintained transaminase 
levations between 2 and 3 times the upper limit of nor- 
al over a 12-week period (retested every 3 weeks) were 
Iso to be withdrawn. Patients who developed CPK levels 
1,000 U/liter were to be retested within 1 week. The 
lecision to withdraw patients with successive CPK eleva- 
ons was left to the clinical judgment of the investigator. 

Serious adverse experiences and alert level liver trans- 
nase and CPK elevations were cumulated and report- 
nonthly (blinded to treatment except as previously 
) to an independent monitoring committee of physi- 
nd statisticians. The committee reviewed the 

































ABLE IV -Baseline Health Characteristics of Patients Allocated to Drug Therapy 





All 
Patients Placebo 
haracteristics* (n= 8,245) (n= 1,663) 


xcludes the following number of patients with missing characteristic information: smoking (n = 1), overweight (n = 
ed on sex-specific body mass index (male = 29.5 kg/m, female 2 29.1 kg/m?). 


aggregate experience to determine if there were _ 










Treatment Group (%) 





20mgqpm 
(n = 1,642) 


40 mgapm 
(n = 1,645) 


20 mg bid 
(n = 1,646) 














45.3 
41.0 














16), alcohol {n = 1), exercise (n = 1), diet (n = 1). 







events that appeared to occur with unexpected frequency 
When necessary, relative comparisons to published infor 
mation were made. To assist the committee in determin: 
ing rates of events, person-time exposure rates were. 
culated based on the cumulative number of patients wit! 
specimens submitted to the central laboratory. 

Baseline definitions: Patients who were all at a high 
risk level of LDL cholesterol were classified into 2 groups 
retrospectively, using NCEP criteria'3: those with CAD 
or 2 or more CAD risk factors vs those with no CAD anc 
fewer than 2 CAD risk factors. The classification wa 
based on a history of CAD or meeting 2 or more of th 
following criteria: male gender, parent/sibling with myo- 
cardial infarction before age 55, current cigarette smok 
ing (>10 per day), hypertension, HDL <35 mg/dl at : 
consecutive baseline visits, severe obesity (defined a 
230% overweight using 1983 Metropolitan tables)*4 o 
history of stroke, peripheral vascular disease or diabetes _ 
mellitus. Preexisting CAD was classified into prior myo- 
cardial infarction, angina and other categories (e.g., coro- 
nary atherosclerosis, postcoronary artery bypass graft or 
angioplasty). 

Unless otherwise noted, baseline lipid and safety labo- 
ratory levels for a patient were defined as the average of 2 
determinations obtained closest in time to the day o 
randomization. When lipid and glucose determinations 
were obtained, patients were required to be fasting. In the 
absence of 2 fasting determinations (which occurred — 
<10% of the time), a single fasting value was defined a: 
the baseline level. If both determinations were nonfasti 
(which occurred <0.1% of the time), then the one max 
closest to the day of randomization was defined as the 
baseline level. Other baseline te nboratery ip levels were eae 
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‘ABLE v | Cardiovascular Disease History and Selected Medication Taken Within 30 Daves of Allocation to Daw Therapy 


All 
Patients 
{n = 8,245) 


Placebo 
(n= 1,663) 


Cardiovascular and 
“associated disease 
history 
Hypertension 
CAD 
; Stroke 
: Peripheral vascular 
disease 
: Diabetes 
“NCEP* classification 
CAD or 2 or more 
< CAD risk factors 
_ Antihypertensive /antianginal 
“> medication 
Jo 8 blockers 
: Calcium antagonists 
"Diuretics 
ACE inhibitors 
Centrally acting agents 
a blockers 


* NCEP criteria (discussed in text). NCEP = National Cholesterol Education Program. 


ACE = angiotensin-converting enzyme inhibitors; CAD = coronary artery disease. 


ermined i in a similar fashion without the fasting require- 

ent. Because of mishandled specimens and other techni- 

problems, the allocation visit laboratory determina- 

ns for a small portion of patients (<5%) were obtained 

after the day of randomization; these were not included as 
baseline data. 


NDINGS AT BASELINE 

The trial was initiated in April 1987. In all, 362 pri- 
_ mary investigators were selected for participation from 
_ 42 states in the continental United States and the District 
of Columbia. From May 1987 to June 1988, 17,125 pa- 
_ tients were screened for participation in the trial. Of 
these, 13,718 advanced to a qualifying visit, and 8,245 
were randomized to therapy: 1,642 to lovastatin 20 mg 
_ gpm, 1,645 to 40 mg qpr, 1,646 to 20 mg bid, 1,649 to 40 
mg bid and 1,663 to placebo. 

Effectiveness of randomization procedure: Mean 
: valies were calculated by treatment group for key base- 
line variables. Inspection of the data revealed a near 


Treatment Group (%) 


40mg qpm 
(n = 1,645) 


20 mg bid 
(n= 1,646) 


20mg gpm 
(n= 1,642) 


equivalence among treatment groups with regard to de- 
mographie characteristics, cardiovascular disease histo- 

ry, concurrent use of selected antihypertensive/antiangi- 
nal medications, and mean plasma lipid/lipoprotein and 
safety laboratory values. 

Demographic characteristics (Table Ill): Of the 8,2 
patients randomized to drug therapy, 59% were men an 
41% were women. The mean age of participants was 56 
years; men were, on average, 4.5 years younger (53.9 
years) than women (58.4 years). The majority of patients 
were white (92%), and 59% had completed at least | year 
of education beyond high school. 

Health habits (Table IV): Current cigarette smoking 
was reported by 18% of patients, and 17% were 230% 


overweight based on body mass index. Alcohol consump- _ 


tion was reported at a level of up to 1 drink per day by — 
42% of patients and more than | drink per day by 14%; 
abstinence was reported by 44%. Strenuous exercise was _ 
reported at a frequency of <3 times per week by 7% of 
patients, 23 times per week by 26% and none weekly b 


| TABLE VI Baseline Fasting Plasma Lipid and Lipoprotein Levels (mg/dl) of Patients Allocated to Drug Therapy 


AR 
Patients 


258.1 + 20.5 
130.0 + 20.7 * 


` Lipid /Lipoprotein 


257.4 + 20.3 
179.44 20.4* 


; Total cholesterol 
LDL cholesterol 


257.9 + 20.5 
180.2 + 20.6 


Treatrnent Group 


40 mg gpm 


258.5 + 20.0 
180.0 + 20.6 


258.7 + 20.7 
180.64 20.5 


4524118 
(12.3%) 


4484120 
(14.2%) 


45.04124 
(15.0%) 


Ho cholesterol 
== (A <35 mg/dl) 
Triglycerides 
“Median 155 156 
25th percentile ES 117 
“75th percentile 208 210 
<<% Excludes TD patient with missing LDL cholesterol value at baseline. : 


<y Ai values for total, EDL and HDL cholesterol are expressed as mean £ standard deviation. oye ake 
LDL = = low density tener? HDL © high-density lipoprotein. CHESS 


4504121 
(14.1%) 


152 156 


113 115 
204 211 
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ABLE VII Baseline Safety Laboratory Data of Patients Allocated to Drug Theapy 


All 
Patients 


20.0 +47.8 
24.54 12.0 
125.44 87.2 
1.10.2 
0.4 + 0.2 
87.04 25.0 
101.9411. 
15.0413 
6.34 1.7 
240.6 + 54.4 


Placebo 


Laboratory Measurement* 


SGOT (U /liter) 198464 
24.3412.1 
126.5 + 89.9 
11402 
0.4 + 0.2 
86.9 + 24.6 
102.2412.1 
15.0413 
6341.7 
238.44 54.6 


Creatinine (mg/dl) 
Total bilirubin (mg/dl) 
Alkaline phosphatase (U /liter) 
Fasting glucose (mg/d!) 
Hemoglobin (g/dl) 

-WBC (103 /mm3) 

«Platelet count (109 /liter) 


Treatment Group 


40 mg bid. 


2044123 
25.14 14.0 
126.5 +919 
11402 
0440.2 
87.54 23.9 
101.44 11.2 
15.1 £13 
6.3417 
241.84 54.6 


20 mg qpm 40 mg apm 20 mg bid 


19.9 + 6.2 
243411.5 
125.9 +86.4 
11402 
0440.2 
86.6 + 22.5 
10184121 
15.1413 
6.2416 
239.8 + 54.2 





19.9460 
2444113 
127.3 +94.1 
1140.2 
0440.2 
86.9 + 25.4 
102.1411.6 
15.0 1.3 
6.4417 
242.2 + 54.6 


199461 
24.44 10.8 
12064716 
11402 
0440.2 
87.1 +28.4 
101.8 +12.0 
15.0413 
6.3417 
240.8 + 54,1 


a) Excludes the following number of patients with missing baseline safety faboratory measurements: platelet count {n = 34); CPK {n = 23); hemoglobin, WBC (n = 14): alkaline phos- 
' 4). 


: ‘phatase {n = 5); SGOT, SGPT, creatinine, bilirubin, fasting glucose (n = 
< Allwalues are expressed as mean + standard deviatio: 
“WBC = white blood cell; other abbreviations as in Tables Hand IH. 





1%, About 83% of patients in each treatment group 
_ reported compliance with the study diet “most” or “all” 
_of the time during the baseline period. 
` Cardiovascular history (Table V): Overall, 62% of 
patients had CAD or 2 or more CAD risk factors by 
a NCEP criteria in addition to the high-risk level of LDL 
_. cholesterol. Preexisting cardiovascular or associated dis- 
ease (stroke, peripheral vascular disease or diabetes) was 
reported by 57% of patients, with hypertension (40%) and 
D (29%) being the most prevalent conditions. Because 
was a high prevalence of hypertension and CAD, a 
bstantial portion of patients were taking antihyperten- 
sive and antianginal medication; 6-blocking agents 
21%), calcium antagonists (15%) and diuretics (13%) 
were the most prevalent. Among women, 24% reported 
aking estrogens and 7% reported taking progestins. 
Lipid/ipoprotein levels at baseline: The baseline 
ean lipid/lipoprotein levels were equivalent among 
~ treatment groups (Table VI). For the total cohort, base- 
_ line mean values for total cholesterol, LDL cholesterol 
and HDL cholesterol were approximately 258, 180 and 
45 mg/dl, respectively. The median triglyceride level was 
155 mg/dl. 
_ Only minor changes in lipid levels were observed dur- 
ing the 3 baseline visits. Mean total and LDL cholesterol 
levels each decreased by approximately 1 to 2% between 
ae screening and allocation (261.5 vs 258.0 mg/dl and 182.7 
vs 179.2 mg/dl, respectively). The percentage of patients 
= witha 20% change in fasting LDL cholesterol values 
between screening and allocation visits was 14%, with 
pproximately equal numbers of patients showing an in- 
ease and a decrease. Mean HDL cholesterol levels de- 
creased slightly from screening to allocation (45.9 vs 45.1 
mg/d), whereas median triglycerides increased slightly 
151 vs 155 mg/dl). 
Laboratory safety data at baseline: Baseline mean 
boratory safety data were nearly equivalent among 
ient groups and well within the normal range (Ta- 
If). For the total cohort, CPK was the most fre- 
ntly elevated baseline value. Nearly 9% of patients 
[an average baseline CPK above the normal range, 
101 patients (1%) had CPK values >500 ‘U/iiter at _ 
T the aualliving or allocation visits. The eas 







































of patients with elevations in other baseline safety labora 
tory values were: hemoglobin (7%), fasting blood glucose _ 
(5%), serum creatinine (4%), white blood cells (3%), 
SGOT (0.2%), SGPT (2.0%), alkaline phosphatase 
(2.7%) and bilirubin (0.7%). The percentage of patients — 
with baseline safety values below the normal range were 
hemoglobin (2%), white blood cells (2%) and platele 
count (0.7%). 
Correlates of low high-density lipoprotein cholester. 

ol: As HDL was the only lipid /lipoprotein unrestricted b 

study entrance criteria, its relation to other CAD risk 
factors was examined (Table VIII). Mean levels of HDL 
cholesterol were approximately 10 mg/dl higher in wom: 
en than in men, with no consistent difference in levels 
with age. For both men and women, the prevalence of low 
HDL cholesterol levels was found to be higher in white _ 
patients, those reporting no strenuous exercise, those re- 
porting abstinence from alcohol, cigarette smokers, the 
obese and those with a personal or family history of — 
myocardial infarction before age 55. 


DISCUSSION 

The design and implementation of this study are note- 
worthy in several respects and should allow a more defini- 
tive ascertainment of the efficacy of lovastatin in its pri- 
mary role as a potent LDL cholesterol-reducing drugand — 
further evaluation of safety issues concerning its use in 
typical clinical applications. Significant features of the 
study design were its use of placebo-control, double- _ 
blinding and the minimization of other confounding fac- _ 
tors. Design calculations based on the study objectives 
indicated that a minimal sample size of 1,418 partici- 
pants completing the study was required for each treat- 
ment (total of 7,090 in 5 groups). Recruitment yielded a 
total of 8,245 randomized participants, exceeding the _ 
minimal goal by more than 16% and compensating for an 
expected 12% dropout rate. 

The equivalence of treatment groups at baseline will 
allow valid between-group comparisons for the variables 
being monitored. The enrollment into the study of ap- 
proximately 48% of those initially screened reflects is 
-part the effort to minimize exclusion criteria other thai 
lipid /lipoprotein-related parameters, thereby permittin 
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BLE vin Frequency of Low r Lipoprotinn Cholesterol* by Selected Patient Characteristics at Baseline 







Male HDL-C Level (mg/dl) Female HDL-C Level (mg/d) 





































No. of 












_ Characteristic Pts. % <35 2 
Race MES AES 
7 White 4,512 22 78 3,045 4 96. 
Black 215 12 88 244 2 98 
~ Other 128 21 79 101 5 95 
Exercise level hs 
“None 2,922 24 76 2,598 4 96 
<3 times /week 437 20 80 174 2 OB 
1 È 3 times /week 1,495 17 83 618 4 96. 
Alcohol consumption ; 

oo None 1,723 30 70 1.929 5 95 
“1-7 drinks /week 2,186 19 81 1,279 4 96 
.->7 drinks /week 945 10 90 182 1 99 

Cigarette smoking Be 
None 3,965 18 82 2,770 3 97. 
1-10/day 364 26 74 269 6 940 

> 10 day 525 38 62 351 10 go 
< Overweight : 
No 4,093 20 80 2,712 4 96 
Yes 748 27 73 676 5 95. 
“Prior myocardial infarction E 
No 3,612 18 82 3,098 4 96 
Yes; = age 55 417 26 74 164 9 g 
Yes; < age 55 781 31 69 108 10 90 
Yes; age unknown 6 33 77 3 33 77 
“Family history of myocardial isfarction 
No 2,228 19 81 1,378 4 96 
Yes; 2 age 55 1,333 21 79 1,040 4 96 
Yes; < age 55 979 26 74 763 5 95 
Yes; age unknown 55 29 (6) 








tow HDL cholesterol defined as <35 mg/dl at any baseline visit. 
HDL-C = high-density lipoprotein chalesterol. 




































maximal generalizability of the findings. The lipid crite- Associations found between HDL cholesterol and pa 
| for study entrance (240 to 300 mg/dl for total choles- tient demographic characteristics were similar to those. 
terol, 2160 mg/dl for LDL cholesterol) are representa- reported by others.”°-°* For example, associations with 
-tive of the levels of a majority of patients currently recom- HDL cholesterol observed in the Second National Health 
_ mended for drug therapy by the NCEP.'3 The study also and Nutrition Examination Survey”’ that were also o 
-includes those with preexisting CAD (29%), those classi- served in this study population include higher mean HDL 
- fied by NCEP criteria as having CAD or 2 or more CAD cholesterol levels in women and blacks, lower mean HD 
-risk factors (62%) in addition to a high-risk level of LDL cholestero! levels in obese patients, a direct relation | 
_ cholesterol, and the largest number of hypercholesterol- tween cigarette smoking and the prevalence of low H 
emic hypertensive patients (n = 3,264) ever studied. The cholesterol, and an inverse relation between exercise lev- 
generalizability of the findings should also be enhanced els and alcohol consumption and the prevalence of low 
by the inclusion of a large number (362) of participating HDL cholesterol. In addition, there was little variatior 
centers throughout the United States. HDL cholesterol with age. 
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eta-adrenergic blocking drugs have been proved 

„safe and effective for the treatment of patients 
MP with various cardiovascular disorders, which in- 
lude systemic hypertension, angina pectoris and ar- 
2 hythmia. Additionally, since 1965, 8-blocking drugs 
< have been considered possible therapy for extending the 
-lives of patients who survive myocardial infarction (MI). 
- On the basis of long-term clinical studies, the efficacy of 8 
_. blockers in reducing the risk of mortality and nonfatal 
_ reinfarction in survivors of an acute MI has been conclu- 
-sively shown. More controversial has been the role of 8 

` blockers that have partial agonist activity and their rela- 
`- tive efficacy compared with drugs that lack this activity. 
safety and effectiveness of 8 blockers in the subgroup 
infarct survivors who are at a higher risk of subsequent 
tality remain to be determined. 
An international satellite symposium was held in 
March 1990, just prior to the Annual Scientific Sessions 
the American College of Cardiology, to discuss the 
ost recent trials assessing the protective actions of 8 
ockers in patients with hypertension and in patients who 
ived an acute MI. The written reports of the partici- 
_ pants, contained in this supplement, highlight the sympo- 
sium proceedings. 

Hampton reviews the results of 25 years of clinical 
_ trials that were designed to assess the efficacy and safety 
various ĝ blockers and calcium antagonists in prolong- 
g the life of survivors of acute MI. The results, to date, 
monstrate an overall advantage for 8 blockers. 
‘Singh also reviews the clinical trial experiences with 6 
ockers, calcium antagonists and antiarrhythmic drugs 
_ for prolonging life in patients who survived MI. The ef- 
_ fects of some class I antiarrhythmic drugs show potential 
_ for harm when administered to these patients. Prelimi- 
_ nary data suggest that class [II antiarrhythmic agents, 
especially amiodarone, may have similar advantages to B 
lockers in reducing mortality among survivors of MI. 
_. Jaillon discusses the theoretical advantages of using 8 
__ blockers with partial agonist effects in patients with sys- 
temic hypertension. Partial agonist 8 blockers can pro- 
ice arterial vasodilation and increase arterial compli- 
. Jaillon also discusses the potential use of 8 blockers 
oderate partial agonist activity for decreasing the 
infarction mortality rate.. 
-butolol, a long-acting 8 blocker having both 8- 
ity and moderate partial agonist effects, was stud- 
1 recent punlteceiter, Phoebe controle trial, -Ace- 
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butolol et Prévention Secondaire de I’Infarctus (APSI), 
The APSI trial, conducted in France, was specifically 
carried out to evaluate the effects of acebutolol compared 
with those of placebo in high-risk survivors of acute MI. 
Boissel presents the results of the APSI trial for the inves-" 
tigators. Compared with placebo, acebutolol reduced to- 
tal mortality 48% and cardiovascular mortality 58% after A 
318 days. The results of the study resolve the controversy 
concerning the safety and efficacy of using a 8 blocker. 
with moderate partial agonist activity as prophylactic : 
therapy after MI in high-risk patients. 

In the next article, Mascioli and colleagues describe. 
the preliminary findings of the Treatment of Mild Hyper- 
tension Study (TOHMS), which was designed to com- 
pare the effects of nonpharmacologic therapy alone with 
those of each of 5 active drug regimens or placebo when 
combined with nonpharmacologic therapy. The study 
drugs included a £ blocker (acebutolol), a calcium antag-. 
onist (amlodipine), a diuretic (chlorthalidone), an œj- 
blocker (doxazosin) and an angiotensin-converting en- 
zyme inhibitor (enalapril). Study end points include 
blood pressure reduction, drug tolerance and side effects, 
as well as effects on ventricular ectopy and left ventricu- 
lar mass. 

The next 4 articles discuss specific issues relevant to. 
the treatment of hypertension. Kaplan describes the con- 
cept of arterial protection in assessing antihypertensive 
therapy: reducing blood pressure with drugs should pre- 
vent or reverse smooth muscle hypertrophy of arteriolar 
resistance vessels and atherosclerosis, primarily involving. 
the larger arteries. However, there may be real differ- 
ences among the various antihypertensive drugs in their 
ability to provide arterial protection. Levenson et al spe- 
cifically address the issue of large vessel arterial damag 
with hypertension. They demonstrate that some antihy. 
pertensive drugs do not improve arterial compliance or 
distensibility while lowering blood pressure. The authors. 
point to arterial compliance and wall shear stress as 2 
main therapeutic targets in the physiopharmacologic ap- 
proach to the effects of hypertension on atherogenesis 
Weber provides information on automated ambulatory _ 
blood pressure monitoring, demonstrating how the moni- 
toring technique has been used to measure the efficacy — 





drugs. He also emphasizes the need for antihypertens: 


article, Serene addresses the i issue of lip 
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es with antihypertensive drugs , with — pr t 
ttent on given to the lipid-lowering effets of “tional research of the high quality of the repor 


ut at this symposium is needed. 
Great advances have taken place in our ability to treat The editors of this symposium are happ: 
rdiovascular diseases. Various drug therapies not only these highlights with the journal’s readershi 

















e discovery that 6 blockers possess clinically 
a i hypotensive, antianginal and antiarrhythmic 






and the pharmaceutical community 
n addition, minor differences in a variety of 
ary properties have led to speculation that 
c classes of drugs might have advantages 
over other classes. The enthusiasm that greeted re- 
_ ports from the first small trials, which showed that 
_ B blockers reduced the postmyocardial infarction 
mortality rate, attracted the commercial support 

ssary to evaluate different 8 blockers in this 
_ clinical setting. The plethora of 8 blockers that sub- 
_ sequently became available for study led to consid- 
_ erable improvement in both the design and imple- 
mentation of large clinical trials. Despite apparent 
s in the results of various trials, meta- 
sis indicates that most, if not all, 6 blockers 
ce postinfarction mortality. However, because 
a-analysis cannot recommend a particular drug 
specific dose for use in an individual patient, 
clinical practice must be based on the results of in- 
idual trials, not on the conclusions of meta-anal- 
s. The clinical utility of 8 blockers in the secon- 
dary prevention of myocardial infarction, coupled 
with experimental evidence that calcium antago- 
; nists reduce infarct size, led to a series of large 
_ studies designed to establish whether calcium an- 
_tagonists have any effect on reducing mortality in 
nts with myocardial infarction. Lessons 
learned from the 8-blocker trials permitted a more 
| evaluation of the efficacy of calcium antago- 
nists in this setting. It is clear that, unlike 8 
_blockers, calcium antagonists are not effective in 
: the secondary prevention of myocardial infarction. 
(Am J Cardiol 1990;66:3C-8C) 











































a eC ee 
he Queen’ s Medical Centre, University Hospital, Nottingham, 


nga 
ess for reprints: IR Hampton, DM, DPhil, FRCP; ‘Queen's 
tre, University Hospital, ete NG7 2UH, United. 


— Secondary Prevention of Acute | 
- Myocardial Infarction with Beta-Blocking 
| Agents and Calcium Antagonists 


John R. Hampton, DM, DPhil, FRCP 


-havea high mortality rate are unable to tolerate therapy 
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wenty-five years ago, Snow! reported that 
treatment with the 8 blocker propranolol reduced 
the mortality rate in patients with acute myocardi- 
al infarction. Since then, a plethora of 8 blockers has _ 
appeared on the market, and many trials of different 
drugs of this type have been conducted to confirm Snow’s . 
observations. Perhaps because of commercial pressures, 8 
blockers have become the most extensively investigated of 
all drugs, with more patients being included in trials of B 
blockers than any other type of clinical trial. 
One clear benefit of the trials of secondary prevention 
with 6 blockers has been considerable improvement inthe .. 
design and analysis of clinical trials. Snow’s trial, e.g., was 
far too small to show a statistically significant benefit’ 
from active treatment, and results of subsequent small ` 
trials were published before the importance of large stud- 
ies became generally recognized. However, the small 
studies contributed to an increased awareness of different. 
methods of trial analysis. Figure 1 depicts a typical exam- . 
ple of an atenolol trial? that now is clearly seen to be much 
too small, but the style of data presentation that was.” 
developed to present the results of such studies? demon- 
strates 2 important general points. First, it is desirable to`. 
know the size and demographic characteristics of the 
population from which the trial patients were selected. 
Without this information, the results of a trial may well: 
be “true,” but they may not be applicable to the types of — 
patients seen by clinicians in daily practice. Second, Fig- 
ure 1] shows the importance of separating the “intention 
to treat” and the “explicative” or “on treatment” analy- 
ses. “Intention to treat” analysis includes all the patients 
randomized in the trial, whether or not they continued tò 
take the medication to which they were randomized. In’ 
the trial shown in Figure 1, the reduction in total mortali- _ 
ty associated with active treatment was not statistically 
significant (9% compared with 12% in the placebo 
group). Among those patients who continued with their 
allocated treatment, the effect of atenolol was more 
marked (3% mortality rate with atenolol vs 11% with 
placebo). Thus, “explicative” analysis suggests that the 
drug may have a beneficial effect. However, Figure | also 
shows that treatment with a 8 blocker may be harmful: 
the mortality rate was essentially the same among pa- 
tients who continued or were withdrawn from placebo 
therapy (11 and 12%, respectively), but among those 
withdrawn from atenolol, the mortality rate was 18 
One possible explanation for these results is that 8-block- 
ing treatment selects those with low and high mortalit 
rates; perhaps patients with severe cardiac disease wh 
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FIGURE 1. Results of a trial? comparing atenolol 100 mg dai- 
: with placebo in patients with acute myocardial infarction. 
freatment was started immediately (66% within 8 hours). 
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- FIGURE 2. Results of the Norwegian Multicenter Postinfarc- 
-tion Trial of timolol.‘ Timolol was administered at a dosage of 
O mg twice daily from 7 to 28 days. Patients were followed 
_ for a mean duration of 17 months. The age range was 20 to 
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The first -blocker postinfarction trial that pr 
all the necessary data to permit different analy: 
was also large enough to demonstrate significant | 
was the Norwegian Multicenter Study on Timok 
Myocardial Infarction,‘ involving 1,884 patients ( 
This was a classic trial of considerable historical and 
clinical importance, which clearly demonstrated that 
therapy with a 6 blocker reduces postinfarction mortalit 
This study was followed by the Beta Blocker Heart 
tack Trial (BHAT) of propranolol (Fig. 3).° The resu! 
of this study, which included a cohort of 3,837 postinfa' 
tion patients, were somewhat less satisfactory in that the - 
outcome of patients withdrawn from treatment was not 
given. Nevertheless, BHAT demonstrated that a B 
blocker other than timolol was effective in secondary 
prevention, suggesting that reduction in mortality might — 
be a class effect rather than a benefit limited to 1 drug. 
Furthermore, the patients admitted to the Norwegian 
and BHAT studies were clearly different, since the mot 
tality rates in the placebo groups were 16.2 and 9.8% 
respectively, suggesting that the benefit of B-blocking 
therapy applies to a wide variety of patients. ee 

Detailed analysis of results was not routine in the early _ 
days of postinfarction trials, although this type of analysis _ 
is now common. It is difficult to describe the results of 
many trials in such detail; thus, the concept of “relative 
risk reduction” became widely accepted. As an example, ` 
if the mortality rate in the placebo group of a trial was- 
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FIGURE 3. Results of the -Blocker Heart Attack Trial 
(BHAT) of propranolol.® Propranolol was administered ata 
dosage of 120 to 240 mg/day. Age range was 30 to 69 years. 













treatment commenced within 72 hours of 





-200% 



















50% and in the treated group 40%, the absolute risk 
_ reduction would be 10%, but the relative reduction (10 of 
_ 50%) would be 20%. It is, of course, essential to realize 
at a relative risk reduction of 20% also applies to a trial 
which the event rate in the placebo group is 5% and 
hat in the treatment group, 4%. Trial results are best 
_ expressed as the degree of confidence around the point 
estimate (i.e., the actual result) of relative risk reduction. 
is usually expressed as the 95% confidence interval, 
| is the range within which one can be 95% certain 
the “real” result must lie. Narrow confidence inter- 
depend on large numbers of patients and a higher 
lacebo event rate; wide confidence intervals occur with 
all trials and a low event rate. A trial result is statisti- 
significant only when the 95% confidence interval 
S not include zero effect. 

Figures 4 and 5 show the 95% confidence intervals 
round the point estimates of the trials in which 8-block- 
-ing treatment was begun early or late, respectively. Early 
__ treatment is defined arbitrarily as initiation of therapy 
within 72 hours of onset of symptoms. Late treatment is 
efined as initiation of therapy more than 72 hours after 
ptoms. The trials are arranged in sequence by publi- 
n date, and the individual references are given in the 
iew by Yusuf et al. Among the early entry trials, it 
n be seen that the metoprolol trial by Hjalmarson et al’ 
_ demonstrated a significant result favoring active treat- 

_ ment, although the large Metoprolol in Acute Myocardi- 

_ al Infarction trial (MIAMI) did not. The very large First 

_ International Study of Infarct Survival? (ISIS-1) also 

_ demonstrated a significantly positive result. Among the 
_ late-entry trials (Fig. 5), only the Norwegian timolol,‘ the 

_ Norwegian propranolol!° and BHAT propranolol’ stud- 

s showed a significant benefit resulting from B-blocking 

tment; however, the pattern of results in the late entry 

Ís seems to favor active treatment more than it does in 

rly entry trials. 

eparation of the trials into “early” and “late” entry is 

ful clinically; early patients are unstable in their cardi- 

hms and hemodynamic parameters, but myocar- 































farction cannot be diagnosed with certainty in the tage in terms of preventing mortality. The only conclu 
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FIGURE 5. Beta blockers after myocardial infarction: 95%: 
confidence intervals around the point estimates of relative risk 
reduction (or increase) associated with 6-blocking treatment in. 
late entry trials (treatment commenced >72 hours after the 
onset of symptoms). 


first few hours after admission. Late patients are stable, _ 
and only those with an established diagnosis need be 
included. The 2 groups of patients might well respond 
differently to 6 blockers, and it has to be accepted that the 
mode of action of these drugs in secondary prevention is 
not clear and could be different as the illness progresses. 
Figures 4 and 5 show that @ blockers have a more 
consistent effect in the late trials. When formal statistical 
techniques of meta-analysis are applied, the drugs appear 
to be equally efficacious in both early and late settings. 
However, ISIS-1, because of its large size, provides the 
most compelling evidence for early treatment. 
Figures 4 and 5 clearly show that the ancillary proper- 
ties of different 8 blockers cannot be considered clinically 
significant. Both selective (e.g., atenolol and metoprolol) 
and nonselective (e.g., propranolol) agents have. bee: 
shown to reduce mortality. Intrinsic sympathomimeti 
activity has been associated with both a beneficial ef 
on mortality (practolol) and an actual increase in mortal 
ity (oxprenolol), and class III antiarrhythmic activit 
(sotalol) does not appear to. confer any particular advan: 
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-> Nifedipine 
Trent Study 1986?2 63 6.7 










“SPRINT 19883 5.7 5.8 
“> Verapamil 
Danish 198414 13.9 12.9 
Diltiazem 
Non-Q-wave 1986!5 3.1 3.8 
MDPIT 1988:86 13.5 13.5 










a B MDPIT = Multicenter Diltiazem Pestinfarction Trial; SPRINT = Secondary Preven- 
“1 tion Reinfarction Israeli Nifedipine Trial. 


‘sion from meta-analysis of the many trials of secondary 
prevention is that 8 blockers reduce mortality, an effect 
_ probably common to all drugs of this class. 


CALCIUM ANTAGONISTS AND 
SECONDARY PREVENTION 
The utility of the £ blockers in reducing mortality, 
_ coupled with experimental evidence that calcium antago- 
- nists limit the size of infarct,'! led to a series of large trials 
to establish whether calcium antagonists have any effect 
_ on reducing mortality in patients with myocardial infarc- 
_ tion. Experience gained from the B-blocker trials permit- 
ted a more rapid evaluation of the efficacy of calcium 
antagonists. Unlike the 8 blockers, calcium antagonists 
re not shown to reduce mortality. Table I lists 5 large 
trials that were carried out with nifedipine (both early’? 
and latet? administration), verapamil!* and diltia- 
--zem.!5:!6 The results of these trials demonstrate approxi- 
_ mately equal mortality rates in patients receiving placebo 
- and active treatment (Table I). 
The Multicenter Diltiazem Postinfarction Trial!® en- 
rolled 2,466 patients, of whom approximately 70% had 
~ had a Q-wave infarction. In patients with non-Q-wave 
infarction, diltiazem was reported to reduce reinfarction, 
_ but not death.!5 However, the significance of this result is 
-uncertain because some of the definitions used in the 
_ study were inexact, and the observation has not been 
_ confirmed by subset analysis of the other trials. In conclu- 
sion, analysis of the secondary prevention trials with cal- 
_ cium antagonists shows that there is no preventive role for 
_ these drugs, although they can be useful in the treatment 
_ of angina pectoris. 


_ SECONDARY PREVENTION BASED ON THE 

_ RESULTS OF CLINICAL TRIALS 
Meta-analysis of these trials of secondary prevention 
does not provide answers to several therapeutic questions 
of paramount importance to the clinician. For example, 
are there subgroups of patients who may benefit more 
_ than others? Are all 8 blockers equivalent in their effect 
in secondary prevention? What is the optimal dose? In 
__ addition, the 8-blocker trials were completed for the most 
-part before the widespread use of aspirin as a secondary 
__ prevention agent, and it is not known whether the protec- 
tive effects of aspirin and the 8 blockers are additive, 
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although theoretically this seems likely. Similar y. 





































not known whether the early use of a 6 blocker increases _ 
the protective effect of thrombolytic agents. — 
Early or late treatment? Despite the evidence from 
the ISIS-19 and MIAMIE trials that early treatment wit 
an intravenous $ blocker reduces mortality, this treat 
ment modality has not become routine practice in th 
United Kingdom or in many other European count 
There are probably 2 reasons for this. First, both trials 
included very low-risk patients (placebo group mortality 
rates in ISIS-1 and MIAMI were 4.5 and 4.9%, respec- 
tively); because the true overall mortality rate of patient 
admitted to the hospital with suspected myocardial in- 
farction is 3 or 4 times higher than this, most clinicians _ 
are unsure if the results of the trials really apply to the _ 
patients they see in routine practice. Second, the MIAMI | 
trial results only apply to a small proportion of the pa- _ 
tients admitted to the participating hospitals (5,784 pa- 
tients included out of 26,439 admitted), and it is not — 
immediately obvious to a clinician how to select patients. 
for treatment in the way that was used in the trial. More 
over, it is not known how the 16,027 patients included in 
ISIS-1 were selected, since no register of excluded pa 
tients was kept. Crude calculations suggest that each 
center was only randomizing 1 or 2 patients per mont 
thus, some special form of selection may have been occur- 
ring inadvertently. Thus, because early 6-blocking thera- 
py might be harmful in certain patients, most cliniciansin 
the United Kingdom do not begin prophylactic treatment 
until after the acute stage of the infarction. He 
Which patients should be treated? Since the results 
of clinical trials apply only to patients similar to those 
who fulfilled the inclusion and exclusion criteria estab- 
lished in the protocol, information is not available about 
the effect of 8 blockers on infarct survivors with condi- 
tions normally considered to be contraindications for 
treatment, such as asthma and heart failure. As noted 
previously, there is a low mortality rate in the placel 
groups of many of the secondary prevention trials, but- 
without knowing the fate of patients excluded from these 
trials, it is difficult to be certain of the significance of = 
these figures. The trial of early nifedipine in acute myo- = 
cardial infarction (Trent study)!2 was the only large post- 
infarction study in which a register of excluded patients — 
was maintained and all of these patients were followed for _ 
the duration of the study. The mortality rates in the 
patients randomized to placebo or nifedipine treatment 
were 6.3 and 6.7%, respectively, but in the excluded pa- 
tients, the mortality rate was 18.2%. Therefore, the Trent 
study applies only to patients at low risk, and it seems 
likely that the same is true of all the 6-blocker trials 
Some, but not all, of the -blocker trials excluded 
elderly patients. Few trials attempted to define any p 
ticular type of patient for inclusion, although the pro- 
pranolol study by Hansteen et al'° set out to include only 
those at high risk. Therefore, attempts to identify specis 
groups of patients who might particularly benefit fro 
be harmed by. -blocking therapy depend « 
analyses of the published trial, which is alwa 


able process. The problem is that the more sub; 
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re constructed within which to compare the effects of 
eatment, the greater the likelihood that an apparently 
“significant” difference will occur by chance. In general, 
ubgroup analysis should only be used as a means of 
erating hypotheses that can be used as a basis for 
juent trials. In fact, subgroup analysis of the £- 
cker trials does not identify any patient group that 
uld be treated differently: patients of all ages as well as 
all sites of infarction as documented by the electro- 
ardiogram seemed to benefit equally from treatment. 
Thus, the principal difficulty is to decide whether 
nts at low or high risk should be treated. Since the 
osis in low-risk patients—the young and those with 
first infarction—is good, it may not be useful to treat 
_ them, especially in light of the adverse effects that may 
occur, such as lethargy, muscular aches and pains, cold 
- extremities and impotence. On the other hand, patients at 
high risk—the elderly, those with multiple previous in- 
tions and those with poor left ventricular function— 
y be harmed by 8-blocking therapy by the induction of 
eart failure, in addition to the adverse effects of these 
drugs. 
_ Subset analysis of the 6-blocker trials in terms of 
kely risk has also proved unhelpful. In the Norwegian 
timolol trial,‘ the overall relative risk reduction was 36%, 
reas in the subgroup with a previous infarction it was 
. In other subgroups considered to be at high or low 
, the relative risk reductions were 40 and 53%, respec- 
tively. Similarly in BHAT,” the overall risk reduction was 
26%, whereas in the subgroup with a previous infarction it 
was 18%, and in those who were considered to be at high 
"low risk, it was 30 and 27%, respectively. 
_ Figure 6 summarizes the relation between the trial 
ts and the risk of the patients included by relating the 
tisk reduction (or increase) associated with active 
ient to the placebo mortality rate seen in each of the 
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though Figure 6 indicates a trend suggesting increasing 
benefit from $ blockers with increasing patient risk, this is 
far from statistically significant. Thus, a 8 blocker seems 
to be indicated for most patients who survive a myocardi- _ 
al infarction, although treatment should be withdrawn _ 
immediately in low-risk patients who experience trouble- 
some adverse effects. Be 

Which beta blocker? Among the late entry trials, 
both timolol* and propranolol!" have been shown to re~ 
duce mortality, although it is likely that all 6 blockers are : 
effective in secondary prevention after myocardial infarc- 
tion. Clearly, practicing clinicians will prefer an agent 
with proven efficacy and a simple dosage regimen; in the 
study cited previously, timolol was shown to be effective — 
at doses of 5 to 10 mg twice daily. ; 


CONCLUSIONS ; 
Despite their beneficial effects in angina, calcium an= 
tagonists have no preventive effect in patients with myo- 
cardial infarction. Meta-analysis of trials of secondary 
prevention appears to indicate that 8 blockers are effec- 
tive in reducing mortality in patients with myocardial - 
infarction, although to date, there are no data to suggest - 
that either high- or low-risk patients in particular will _ 
benefit from treatment, nor that the ancillary properties 
of different drugs in this class are significant in reducing 
mortality. Therefore, 8 blockers are generally warranted 
for most patients who survive a myocardial infarction, 
although clinical practice and recommendations regard- 
ing a particular drug or dose must be made according to 
the present condition and past history of each patient. 
Additional information in this clinical setting will not be 
available until the relevant clinical trials are conducted. 
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Advantages of Beta Blockers Versus 
_ Antiarrhythmic Agents and Calcium 
Antagonists in Secondary Prevention 
After Myocardial Infarction 


Bramah N. Singh, MD, DPhil 











Patients who have sustained >1 myocardial in- 
- farcts are at high risk for sudden death or reinfarc- 
tion; the risk is highest for those with lowest ven- 
_ tricular ejection fraction, continuing myocardial 
-ischemia and asymptomatic high-density and com- 
plex premature ventricular contractions. At pres- 
ent, 6 blockers when given prophylactically are the 
_ only agents that reduce the incidence of sudden 
death and reinfarction in survivors of myocardial 
infarction (MI) in the first 2 years. The beneficial 
effect was shown to correlate with a reduction in 
: heart rate, the effect being absent or deleterious 
< o with 2 blockers with marked sympathomimetic ac- 
$ tivity. The effects of 2 blockers on ventricular fibril- 
lation appeared to be dissociated from those on 
premature ventricular contractions. Trials with cal- 
cium antagonists indicate that these drugs had no 
effect or increased the mortality rate. The diver- 
gent effect of 8 blockers and calcium antagonists is 
unexplained but may be due in part to a lack of 
‘adycardiac effect of calcium antagonists; there 
ere no differences in effect among different calci- 
| antagonists. Data from trials involving class | 
antiarrhythmic agents indicate that agents acting 
by depression of cardiac conduction are either de- 
void of effect or produce a modest increase in mor- 
tality. Results of the Cardiac Arrhythmia Suppres- 
-sion Trial, employing the newer class I agents fie- 
A cainide and encainide, were used to determine 














































contractions i in the survivors of acute MI reduces 

mortality. Flecainide and encainide suppressed pre- 
mature ventricular contractions >80%, but resulted 

in an increased mortality rate undoubtedly due to a 
. marked proarrhythmic effect. Whether these data 

-can be extrapolated to all class | agents is uncer- 

_ tain. Preliminary data with class Ill antiarrhythmic 
agents suggest that these agents, especially amio- 
_. darone, similarly to 6 blockers, have the potential 
to reduce mortality in survivors of MI. Evolving 
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data suggest that in the secondary prevention of 
morbid events in the survivors of acute MI, the fo- 
cus must shift away from antiarrhythmic agents 
that delay conduction and toward 8 blockers and- 
antifibrillatory actions resulting from a prolonga- 
tion of refractoriness, 

(Am J Cardiol 1990;66:90-20¢ 


cause of death in technically advanced countries 

in the United States alone, approximately 
450,000 persons succumb to sudden death each year.! 
Cardiac arrest in these cases is generally initiated b 
ventricular tachycardia that deteriorates into ventricular 
fibrillation.” Most persons who have cardiac arrest have a 
history of previous myocardial infarction (MI). This sub- 
set of patients, comprising those with clinically identifi 
able correlates of MI, as well as ee experiencing essen: 
tially silent myocardial necrosis,’ probably form the larg: 
est group susceptible to high risk for sudden cardiac | 
death.* L 
Three major factors are considered to be the critica 
determinants of risk: (1) reduced ventricular function: 
reflecting the overall size of infarct or infarcts, (2) persist: 
ing latent or manifest myocardial ischemia,®’ and (3) the 
presence of the so-called potentially malignant ventricu- 
lar arrhythmias>*? that result from electrical instability. 
These abnormalities appear to provide the milieu for the 
development of sudden death in persons who have a histo- 
ry of MI. Unless the reduced ventricular function stems 
directly from “chronic ischemia” rather than from irre- 
versibly damaged myocardium, pharmacologic therapy is 
unlikely to improve the ventricular ejection fraction. On 
the other hand, numerous antiarrhythmic and ‘antiisch- 
emic agents have been assessed to determine whether the 
mortality rate might be reduced by pharmacologic thera- 
py in the survivors of MI by reduction of ischemia, ar- 
rhythmias or both. 
A meta-analysis of the effects of various subcategories 

of class I antiarrhythmic agents, 8 blockers and calcium 
antagonists is likely to provide insight into the mecha- 
nisms whereby the occurrence of sudden death among 
those who have survived acute MI might be reduced, 
Data on the effects of class II] agents are limited. Pooled 
data analyzed by Furberg!’ are presented in Table I. The 
results permit tentative inferences and conclusions re- 
garding the potential advantages and disadvantages. of 


Cones artery disease continues to be the leading 
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A SYMPOSIUM: PRIMARY AND SECONDARY PREVENTION OF CARDIOVASCULAR DISEASE 


TABLE I Retrospective Evaluation of Randomized 
Antiarrhythmic Trials 


No. of Deaths 
(active / placebo) 


122/112 
196/150 
97/65 


Randomized Patients 
(active / placebo) 


1642/1563 
6177/6076 
1278/1117 


Class 


Type la 
Type Ib 
Type Ic 


9097 /8756 


Total 

Type II 
Short-term 
Long-term 


415/327 (+22%) 
13,815/13,721 
12,140/11,551 
Type Ill* 204/193 22/20 (+4%) 
Type IV 8870/8887 873/825 (+6%) 
* Note that the number of patients for class III agents is small and does not include a 


figure for trials with amiodarone, which are, for the most part, ongoing. 
Adapted from Am J Cardiol.!° 


513/586 
917/1090 


(-14%) 


agents and their role in reducing mortality in the survi- 
vors of acute MI. 

A new perspective is emerging in the wake of the 
report of the findings of the Cardiac Arrhythmia Sup- 
pression Trial.'! This article reports on the current status 
of such a perspective by critically reviewing the data from 
trials that indicate a benefit from treatment and those 
that show either no benefit or a deleterious effect on the 
occurrence of sudden death in the survivors of acute MI. 
The potential significance of heart rate reduction by adre- 
nergic blockade or by specific bradycardic agents influ- 
encing the fibrillatory properties of the ischemic myocar- 
dium is emphasized. 


BETA BLOCKERS IN SECONDARY 
PREVENTION OF MYOCARDIAL INFARCTION 

The prophylactic administration of 8 blockers to the 
survivors of acute MI has generated a great deal of inter- 
est during the past 20 years. When therapy with these 
drugs is commenced between 4 and 28 days after an acute 
MI and continued for 290 days, there is a consistent and 
highly significant reduction (18 to 39%) in sudden cardi- 
ac death and a decrease in the reinfarction rate of be- 
tween 35 and 40%*:!2-'4 in the first year. The reduction in 
mortality occurs regardless of age, sex, race, site of in- 
farction or comparative risk profile of the patients; how- 
ever, as might be expected, the beneficial effect is more 
readily demonstrable in those at highest risk for a coro- 
nary event. This is particularly striking in the case of post- 
MI patients with markedly reduced ventricular func- 
tion.!> 

Pooled data from 18,000 post-MI patients in random- 
ized trials reveal an average reduction in mortality of 
approximately 20%.* The exact details of individual trials 
are presented elsewhere in this symposium. The reduction 
in sudden death by 8 blockers was even more striking 
than reduction in total mortality: approximately 30% 
(95% confidence limits of 20 to 40%).* With the excep- 
tions of aspirin and aspirin-like drugs, 8 blockers are the 
only agents that have been shown to reduce the incidence 
of sudden death in controlled clinical trials. An under- 
standing of the precise mechanisms mediating their bene- 
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ficial effects on mortality is clearly important in the de- 
velopment of newer pharmacologic strategies. Because 
drug therapy of any kind is unlikely to alter substantively 
the level of ventricular dysfunction that results from 
blighted myocardium, the role of other factors needs to be 
considered as the basis for the salutary effects. Two are of 
particular importance: the first relates to the actions of 
these agents on the electrical instability occurring inde- 
pendently of ischemia and the other stems from the ef- 
fects of 8 blockers on myocardial ischemia and its hemo- 
dynamic and metabolic determinants. 

Significance of suppressing ventricular arrhythmias 
as a mechanism: That adrenergic transmitters play a 
significant role in the genesis of ventricular arrhythmias 
has been recognized for many decades.'® For example, 
reserpinization of experimental animals prevents the de- 
velopment of ventricular fibrillation due to cardiac glyco- 
side intoxication in experimental animals.!6-!7 It has also 
been found that regional cardiac sympathectomy'® and 
left stellate ganglionectomy!? control recalcitrant ventric- 
ular arrhythmias in humans. It is therefore assumed that 
antiarrhythmic actions of 6 blockers stem directly from 
their ability to reverse the deleterious electrophysiologic 
effects of catecholamines. In recent years, 8 blockers have 
gained prominence as antiarrhythmic agents, especially 
in reducing the incidence of sudden cardiac death in the 
survivors of acute MI!?-!4 and in the control of recurrent 
ventricular fibrillation or torsade de pointes in patients 
with the long QT, interval syndrome.”° However, it is far 
from clear whether the reduction in sudden death by 6 
blockers in the survivors of acute MI results simply from 
suppression of asymptomatic ventricular arrhythmias. 
There are, nevertheless, numerous studies indicating that 
most 6 blockers have a significant suppressant effect on 
premature ventricular contractions in patients with and 
without cardiac disease.*! The effect is characterized by: 
(1) a significant effect in approximately 50% of the pa- 
tients in varieus series; (2) a higher degree of suppression 
with respect to the higher grades of premature ventricular 
contractions, especially runs of ventricular tachycardia; 
and (3) abolition or a marked attenuation of the circadian 
pattern of distribution of premature ventricular contrac- 
tions, when present. 

There are, however, a number of reasons why it is 
unlikely that the beneficial effect of 8 blockers on sudden 
death in survivors of MI is mediated via the suppression 
of premature ventricular contractions. Only approxi- 
mately 12 to 30% of those patients have complex ectopic 
activity, especially runs of ventricular tachycardia, dur- 
ing the post-MI period.?? Thus, in the various 6-blocker 
trials a relatively small number of patients with the so- 
called potentially life-threatening ventricular arrhyth- 
mias would have been included. The observed benefit 
must have occurred independently of effects on prema- 
ture ventricular contractions. It has been reported that 
premature ventricular contractions tend to increase from 
the early hospital phase to approximately 6 weeks after 
MI in patients on placebo. On 8 blockers, this tendency 
was blunted somewhat but not dramatically reduced. 

A formal analysis of the influence of arrhythmia sup- 
pression in the Beta-Blocker Heart Attack Trial’? showed 


that patients without arrhythmia derived as much benefit 
from the 6 blocker as did those who exhibited arrhythmia 
on Holter recordings. Similarly, in the metoprolol 
study,”4 the 8 blocker had no suppressant effect on pre- 
mature ventricular contractions but significantly reduced 
the occurrence of ventricular fibrillation. Thus, it appears 
unlikely that such an effect on premature ventricular 
contractions might lead to a significant reduction in sud- 
den death. Even with more powerful suppressant agents, 
as assessed in the Cardiac Arrhythmia Suppression Tri- 
al,!! a reduction in sudden death in this subset of patients 
has not been reported. This issue is discussed further later 
in this article. 

Beta blockade and ventricular fibrillation threshold: 
Unlike the Cardiac Arrhythmia Suppression Trial, the 8- 
blocker trials were not suppression trials; effects on ar- 
rhythmias were not evaluated. When the drugs were giv- 
en intravenously early in the course of infarction, the 
frequency of occurrence of ventricular fibrillation was 
significantly reduced.?:?4 Norris et al? showed that pro- 
pranolol, administered at approximately the time of pre- 
sumed coronary occlusion and subsequently continued, 
significantly reduced the incidence of ventricular fibrilla- 
tion in the hospital, compared with the effects of match- 
ing placebo. A similar observation was made in the meto- 
prolol study.2+ For example, there were 17 cases of ven- 
tricular fibrillation in the placebo group of 697 patients, 
but only 6 episodes in the 6-blocker-treated group of 698 
patients (p <0.05). Again, there was no significant effect 
on premature ventricular contractions. Clearly, the anti- 
ectopic effects of 6 blockers were dissociated from their 
antifibrillatory actions. It is known that ischemia and 
catecholamines lower the ventricular fibrillation thresh- 
old; 8 blockers might abort sudden death by elevating it. 
On the other hand, a favorable change in ventricular 
fibrillation threshold is unlikely to be the sole basis for the 
observed beneficial effect induced by 6 blockers. As dis- 
cussed later, many agents (such as class I antiarrhythmic 
compounds and calcium antagonists) consistently elevate 
the ventricular fibrillation threshold but have little or no 
effect on sudden death and may even increase its occur- 
rence in patients with MI. Reduction in heart rate accom- 
panying an increase in the ventricular fibrillation thresh- 
old appears to be a modulating factor of potential impor- 
tance. 

Favorable effect of beta blockade on sudden death 
relative to reduction in heart rate: In the 8-blocker trials, 
the benefit of 8 blockers could not be correlated with their 
associated properties of cardioselectivity or local anes- 
thetic actions. However, the observed benefit appeared to 
be correlated negatively with their sympathomimetic ac- 
tions as reflected in the degree of reduction in resting 
heart rate. Indeed, reduction in heart rate is the common 
denominator in the salutary effect of 8 blockers on sud- 
den death and reinfarction rate in patients surviving MI. 
Kjekshus? carried out an analysis of the most significant 
8-blocker trials in the survivors of acute MI; he found 
that a linear correlation existed between the degree of 
heart rate reduction effected by a 8 blocker and the 
percentage reduction in sudden death during chronic pro- 
phylaxis with the compound (Fig. 1). It was of interest 
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FIGURE 1. Relationship between heart rate reduction and re- 
duction in mortality induced by 8 blockers in survivors of acute 
MI. Note that 6 blockers that have significant intrinsic sympa- 
thomimetic activity with little or no bradycardic effects exert 
little or no effect on mortality. (Reproduced with permission of 
Am J Cardiol.?7) 
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that only those 6 blockers that reduced heart rate signifi- 
cantly were effective. 

In contrast, 8 blockers with marked intrinsic sympa- 
thomimetic activity and little or no bradycardic response 
at rest either had no effect on sudden death or increased 
its incidence. For example, drugs that have significant 
sympathomimetic activity, such as pindolol or oxprenolol, 
either had no effect or were deleterious. The effects of 8 
blockers with marked sympathomimetic effect (e.g., pin- 
dolol) on ventricular fibrillation threshold are not known. 

It is of interest that other causes of bradycardia might 
also exert antifibrillatory effects. For example, 1 study 
showed that in rabbits made hypothyroid, ventricular 
fibrillation threshold was significantly elevated compared 
with euthyroid controls and markedly reduced in rabbits 
made thyrotoxic by thyroid hormone injection.° In that 
study, the changes in ventricular fibrillation threshold 
were correlated inversely but significantly with heart 
rate. It is also known that reduction of heart rate to levels 
below control by vagal stimulation has antifibrillatory 
effects.” Scherlag et al? found that vagal stimulation 
abolished arrhythmias during coronary occlusion in an 
open-chest canine model of experimental infarction. 
These observations indicating an inverse correlation be- 
tween the occurrence of ventricular fibrillation and heart 
rate are likely to have important clinical implications. 
They emphasize the importance of slow heart rate in 
maintaining electrical stability in the ischemic myocardi- 
um. 
What might be the “ideal” heart rate for patients with 
various ischemic myocardial syndromes nonetheless re- 
mains essentially a matter for conjecture. Before the days 
of routine 6-blocking therapy, Norris et al?! showed that 
in post-MI survivors the average heart rate at the time of 
hospital discharge was an important determinant of prog- 
nosis: those with lower heart rates had better survival 
during follow-up. It is also known that the circadian 
rhythmicity in sudden death closely parallels that of heart 
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I An Overview of Mortality in Trials Evaluating 
Antagonists After Myocardial Infarction 
No: of Deaths /No, of Patients 
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ofstudies) Active Control Expected Variance 

cute, short-term studies 

Verapamil (1) 0/8 2/9 -0.9 0.5 

Nifedipine (4) 17172509 157/2521 475 76.7 

Diltiazem (1) 11/287 9/289 +1.0 48 

Subtotal (6) 182/2802 168/2819 +7. 82.0 

ng-term studies 

Nifedipine (1) 66/1140 64/1139 +1.0 30.7 

Lidoflazine (1) 177/896 168/896 +4.5 69.7 

Subtotal (2) 243/2036 232/2035 +55 100.4 
cute and long-term studies 

Verapamil(1) 149/1729 145/1718 +15 67.2 

Total (9) 574/6567 545/6572 +146 249.6 


odds ratio of 1.06; 95% confidence interval of 0.94 to 1.2, not significant. 
eproduced with permission of Cardiovasc Drug Ther”? 






ate and catecholamine discharges.3? Fewer deaths occur 
etween midnight and 8 a.m. The effects of propranolol on 
ne circadian rhythmicity was examined by Peters et al>; 
pranolol had a variable effect on the incidence of 
len death between 8 a.m. and 11 p.m. In contrast, it 
uced a striking decrease on the incidence of sudden 
h between the hours of 2 a.m. and 8 am. (Fig. 2), 
oubtedly coincident with the most pronounced brady- 
ic response, again emphasizing the significance of 
ring heart rate in post-MI patients. It should be 
hasized that the exaggerated reduction in heart rate 
ibserved with 6-blocking therapy in the early hours of the 
norning might be due in part to a vagal dominance re- 
ulting from the block of sympathetic impulse traffic to 
he sinus node. This suggests that the slowing of heart 
ate by interventions that reduce the action of sympathet- 
ç transmitters to the heart might be beneficial in the 
etting of acutely or chronically ischemic myocardium, in 
art by augmenting vagal activity, which has been dem- 
mnstrated to be associated with an antifibrillatory activity 
n the ventricle.*° 
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ating a ion in sudden death: Bot 

um antagonists and @ blockers have been tested for 
cardioprotective effects in survivors of acute MI. Ther 
convincing in vitro and in vivo experimental data th 
blockers and calcium antagonists exert significant cardio 
protective effects in the ischemic myocardium!*!9,26.33-4 
and beneficial effects on ischemic ventricular arrhyth 
mias.'®!738 These drugs have been shown to reduce myo- _ 
cardial infarct size,4?478 improve segmental ventricular __ 
wall motion abnormalities*? and elevate ventricular fi-. 
brillation threshold.***4 With open-chest canine as well 

as closed-chest canine models of experimental myocardi- = 
al ischemia, calcium antagonists significantly increased — 
endocardial perfusion*?-**; 8 blockers also achieved a sig- 
nificant, although less striking, effect on endocardial per-. 
fusion.*? Numerous experimental studies indicate a ed — 
beneficial effect of calcium antagonists in ventricular re- 
perfusion arrhythmias*® as well as in the model of 
“stunned” myocardium.*! Consistent with these experi- 
mental data are the findings from extensive clinical stud- 
ies with subjective and objective end points that indicate _ 
both calcium antagonists and 8 blockers exert equipotent 
or close to equipotent antiischemic effects in patients with _ 
coronary artery disease. Thus, if net effect on MI were 
the predominant mechanism to account for the beneficial 
effect of 8 blockers in curtailing sudden death in the 
survivors of acute MI, then calcium antagonists might be ` 
expected to exert comparable efficacy in this setting. 








































CALCIUM ANTAGONISTS AND wa 
CARDIOPROTECTION: SIGNIFICANCE OF 
THEIR VARIABLE EFFECT ON HEART RATE 
There is a compelling reason for calcium antagonists’ 
to exert a favorable effect on sudden death by ameliorat- 
ing ischemia in the survivors of acute MI. Surprisingly, 
data reported to date have been negative, have been in- > 
conclusive or have demonstrated a potentially deleterious _ 
effect.’ For example, the results with verapamil, the first — 
calcium antagonist investigated for its effect on reducing. 
mortality and reinfarction rate in MI survivors, are incon- 
clusive.5?-56 Im that study, 717 patients were treated with 
verapamil and 719 were treated with placebo. At the end 
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FIGURE 2. Circadian rhythmicity in the 
occurrence of sudden death in the Beta- 
Blocker Heart Attack Trial. Note, that 
effects of propranolol are greatest ata . 
time when the heart rate is lowest. (Re- _ 















: FIGURE 3. Typical odds of 1-year mortali- 
_ty for trials and by numbers of patients 
i by the types of £ blockers given to pa- 
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months, the mortality in the treated group was 12.8% 
3.9% in the placebo series. At 12 months, the corre- 
ding figures were 15.2% vs 16.4%. Although a trend 
ortality reduction was evident, it is clear that the 
iven early, did not significantly reduce early mor- 
ity from acute MI. 

Yusuf and Furberg“? recently reviewed most of the 
randomized trials of calcium antagonists after acute MI. 
‘Table II shows data summarized from 9 randomized 
controlled trials that involved 13,139 patients.°? It was 
oteworthy that 8 of the 9 trials showed a small excess of 
ality in the treated group, although the difference 
placebo was not statistically significant. There were 
| deaths among the 6,567 patients randomized to the 
ye treatment group (8.7%); in the control group there 
rere 545 deaths in a population of 6,572 (8.3%). This 
gave an odds ratio of 1.06 with 95% confidence interval 
0.94 to 1.20. The results were similar when the data were 
‘separated into 2 groups based on the time at which treat- 
‘was initiated, either soon after or 1 to 2 weeks after 





















It was of interest that a nonsignificant excess in mor- 
tality was consistently observed with all calcium antago- 
nists.*’-°' Data on verapamil (1 trial with 3,464 pa- 
tients),°” lidoflazine (1 trial with 1,792 patients) and 
nifedipine (5 trials with 7,309 patients) are derived from 
reasonably large population samples, although the data 
diltiazem are limited (only 576 patients in 1 trial).59 
the potential beneficial effect of diltiazem on mor- 
in patients with MI cannot be excluded. This possi- 
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of interest, because diltiazem my have the hish : 
- arcadian periodicity (Fig. 6). Thus, as stressed 








43 year monay. Ro Oe 
inthe controls of 
group `- patents 













intervention Better | Control Better 






6.9% 230 
3054 
388 
1884 
3637 | 
560 | 
1456 | 





46% 
9.7% 










11.3% 
6.0% 
13.3% 
4.8% 
























12.4% 529 
5.1% 1741 | 
7.5% 301 | 










2395 
607 


5.2% 
13.0% 






























Odds ratio 0 1 2 3 





Held et al“? have analyzed results of 28 randomized 
trials involving 19,000 patients which confirm the lack of | 
effect or potentially deleterious effects of calcium antago- = 
nists in patients with acute MI and unstable angina. In 
contrast to those of 6 blockers (Fig. 3), trials of calcium 
antagonists reported 873 deaths among 8,870 MI pa- 
tients (9.8%) randomized to active treatment. In contrast, 
there were 825 deaths among 8,889 control patients given — 
placebo (9.3%; odds ratio of 1.06, 95% confidence interval . 
0.96 to 1.18). There was no evidence of a beneficial effect 
on the development of infarction, infarct size or rate of 
reinfarction (Fig. 4). No differences were evident in the 
overall effects of the different calcium antagonists. The 
results were similar in the unstable angina trials: 110 of | 
561 patients treated with calcium antagonists compared 
with 104 of 548 controls developed MI; 14 of 591 treated 
patients died, compared with 9 of 578 control patients. 
Whether the failure of routine administration of calcium 
antagonists, compared with 6 blockers, to reduce the risk _ 
of initial infarction or death in patients with acute MI or _ 
unstable angina might largely stem from lack of a brady- 
cardic effect remains to be determined. 

Calcium antagonists exert variable effects on the 24- 
hour profile of heart rate.” The dihydropyridines either 
have no effect or tend to increase heart rate slightly ove 
24 hours while preserving its circadian periodicity. I 
contrast, both verapamil and diltiazem tend to produce 
modest decrease (Figs. 5, 6), although their effects do nc 
approach those of 8 blockers without intrinsic sympat 
mimetic activity (Fig. 6). A rate-lowering 8 blocker co: 
sistently decreases heart rate markedly and attenua 
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nd Furberg,”? the variable effect of calcium antagonists 
on heart rate in men may account for the unexpectedly 
_ disappointing results on mortality following therapy with 
- calcium antagonists; the data are consistent with the fail- 
ure of this class of drugs to exhibit unequivocally benefi- 
- cial effect on infarct size, development of MI or reinfarc- 
- tion in trials of MI or unstable angina.”4 
However, the positive data from the recent trial of 
diltiazem in patients with non-Q-wave infarction merits 
_ consideration.°? This multicenter, randomized, double- 
_ blind trial involved 576 patients recovering from non-Q- 
_ wave infarction. Diltiazem (360 mg/day) was given to 
78 patients and placebo was given to 289 patients for 14 
ays after acute MI. The 2 groups were identical. The 14- 
ay mortality rate was similar in both groups, but rein- 
farction occurred in significantly (p <0.04) fewer treated 
patients. There was a very low incidence of mortality 
 (3%)in both groups, although 61% of patients were treat- 
ed concurrently with 8 blockers. The demonstrated salu- 
tary effect of diltiazem on reinfarction may be greatest in 
e presence of 8 blockade, a finding also noted in trials 
volving patients with unstable angina’* in which a calci- 
um antagonist was combined with a 8 blocker. A major 
eduction in heart rate is likely during a combination 
egimen of diltiazem and a $ blocker. An analysis of 
hanges in heart rate in patients taking both 8 blockers 
nd diltiazem vs diltiazem alone relative to the beneficial 
ffect remains to be performed. 
n intriguing observation was made in another, larger 
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1.5 
Typical odds ratio (95% confidence interval) 


trial’ in which 2,466 patients surviving Q- and non-Q- 
ae acute MI and being treated vith or without P 






















FIGURE 4. Typical odds of death, 
jarkana s 
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blockers were randomized in a double-blind fashion 
receive either diltiazem or placebo. Cumulative mo: 
and reinfarction rates were similar in diltiaze 
and placebo-treated patients, who were followe 
mean period ef 25 + 8 months. Overall data are shc 
Figure 7. Diltiazem had no significant effect on m 
for the entire group. However, when a subset analy 
performed, it was clear that in patients with a histo 
pulmonary congestion, reflected in a lower ejecti 
tion, mortality over the follow-up period was increased; in - 
the group without pulmonary congestion, there was a 
significant reduction in mortality. The reason for the- 
difference is not clear. However, those data are in marked 
contrast to those with 8 blockers in which benefit was 
evident at all levels of function and appeared to be greate 
in those with cardiomegaly and pulmonary cong 
Myocardial ischemia and heart rate: si zi 
specific bradycardic agents: That calcium antag 
do not exert a significant effect in reducing sudden « 
in the survivors of acute MI does not negate the possibi 
ty that the efficacy of 8 blockers in this regard is media 
at least in part through an action on myocardial ischen 
There are experimental and theoretical reasons fo 
ing that slowing of heart rate by whatever means 
be beneficial in ischemia. As emphasized by Clusin 
perhaps the most potent means of modulating the: 
of ischemia is through the regulation of heart rate 
major effect of heart rate on ischemia is generally att b- 
uted to alterations in myocardial oxygen dema: 
‘ever, experimental data indicate that changes in 
consumprion may be less  oritical than p 
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‘day with nifedipine 20 ma 3 timos a day and placebo 
patients. Note that the circadian rhythmicity in heart 
maintained; nifedipine tends to increase the heart rate 
il tends to slow it, but the mean and maximum 
blockade (see Fig. 6). (Reproduced with permission of 
Cardiol.’ 








lie ed.’’ The major effect of heart rate may stem from the 
ation of calcium influx and retention by the isch- 
c myocardium.” It is known that myocardial calcium 
els open and inactivate during each action poten- 
herefore, the number of action potentials per unit 
will exert a marked influence on calcium ingress. 
nce Ca*+-Na* exchange over the plateau range of po- 
Is is voltage-dependent, an increase in time at the 
u voltages will have a significant effect on overall 
Icium load.*° An increase in subendocardial blood 
per minute and per beat in the ischemic zone may 
relate, in part, to a reduced number of systolic con- 
tions with a longer period for diastolic perfusion.” 
This may be a mechanism to account for increased suben- 
_docardial flow per beat after therapy with a 8 blocker; the 
longer: diastolic period may also allow for recovery of 
‘metabolism per beat, and over successive beats it may 
contribute to the increased regional contraction in the 
ischemic zone.” 
the crucial significance of lower rate as an integral 
































exercise is ; Suggested by studies on exercise 


FIGURE 6. The 24-hour ambulatory minimum heart rate on 
placebo and diltiazem 180 mg/day in 14 patients with stable 


significantly 
with permission of Am J Cardiol.79) 


ponent of the action of 8 blockade on regional isch- 
vors of acute MI constitutes ; an in ind- penden 
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after 8 blockade in which the lowered heart rate was 
returned to the predrug value by atrial pacing.”? The 
beneficial effects on blood flow as well as on regional 
contractile function in the ischemic zone that is evident at 
lower heart rate were completely abolished at the higher 
rate produced by pacing.” These observations are consis- 
tent with a report that the beneficial effect of propranolol 
in a model of stunned myocardium was negated by atrial 
pacing at a rate that was identical to the control heart 
rate,8° 
These findings on the importance of lowering heart 
rate in ischemia are further emphasized by the use of a 
specific bradycardic agent (UL FS-49, Thomae Pharma- 
ceutical, Biberach, FRG) in studies in a canine model of 
chronic coronary artery stenosis.5! As in the case of 8 
blockade, a marked improvement in the regional function 
occurred when changes before and after drug administra- 
tion were compared during exercise; the change was ac- 
companied by a 2-fold increase in subendocardial blood 
flow.®! These experimental data on the effects of specific 
bradycardic agents are of crucial practical importance: 
These agents constitute pharmacologic probes that may. 
be used to determine the relative importance of the nega- 
tive chronotropic and inotropic effects in mediating the 
observed salutary effects of 8 blockers in the survivors of 
acute MI and other ischemic myocardial syndromes. If it 
can be demonstrated that the beneficial effect in terms of 
electrical stability and amelioration of ischemia stems 
largely from heart rate reduction, the data will have im- 
portant therapeutic implications for the treatment of cor- 
onary artery disease. 



































EFFECT OF CLASS I ANTIARRHYTHMIC | 
AGENTS ON SUDDEN DEATH IN THE | 
SURVIVORS OF ACUTE MYOCARDIAL : 
INFARCTION ee 
It is widely believed that the presence of high 
or complex premature ventricular contractions 







































oe Diltiazem 
see (242) ------~- 
: eos 
as 
: r 
Sige at 
> 0.3 ee othe 
oe la gost 
r F r 
ae he Pulmonary $ 
ie : = 
| 5 ; Congestion (Placebo 
= Pas aot (248) 
2 x i 
a so aa 
> 0.2 ; e 
Q 3 
& Fa ro 
O. i rf Placebo 
eee: pl 4 a 
w E (9593 
Oo j ia 
ee fi f / lo 
F ee, Diltiazem 


(950) 











































1000 


800 


400 600 


ae Days 

__ FIGURE 7. Graph showing cumulative coronary incidence ac- 
-cording to treatment in patients with and without pulmonary 
congestion. (Reproduced with permission of N Engl J Med.75) 

















udden cardiac death.>* A natural corollary is the pre- 
umption that the suppression of such arrhythmias will 
liminate the trigger mechanism of ventricular tachycar- 
ia and fibrillation. Only in recent years has the availabil- 
‘ity of antiarrhythmic drugs with the propensity to pre- 
_ dictably and significantly reduce premature ventricular 
: Contractions permitted the testing of such a possibili- 
ty! y 

-= The suppression of premature ventricular contrac- 
__ tions is produced predictably by encainide and flecainide: 
- in about 80% of patients, there is >75% suppression of 
~ total premature ventricular contractions, >90% suppres- 
-sion of ventricular couplets and almost 100% suppression 
of ventricular tachycardia beats. The suppressant effect is 
_ coincident with the development of conduction delay, as 
is evident from the progressive lengthening of the QRS 
interval on the surface electrocardiogram. 
_ Such a degree of premature ventricular contraction 
_ suppression is clearly important for 2 reasons. First, it is 
__ likely to provide relief from palpitations in the vast major- 
_ ity of patients who have symptoms from extrasystoles. 
_ Second, in the asymptomatic patient with complex pre- 
mature ventricular contractions at increased risk for sud- 
den arrhythmic death, encainide and similar drugs pro- 
vided the basis for a controlled trial to test the so-called 
premature ventricular contraction hypothesis: suppres- 
ion of premature ventricular contractions in the survi- 
-. vors of acute MI will prolong survival. This was the basis 
-for the Cardiac Arrhythmia Pilot Study,®3*4 the purpose 
if which was to examine the feasibility of a trial to test the 
premature ventricular contraction hypothesis. The Car- 
diac Arrhythmia Suppression Trial'' became the defini- 
-stive trial whose results were expected to provide informa- 
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tion one whether s suppression roe premat 
ular contractions enhances survival in patients at 
risk for sudden death. After 2 years into the it 
appeared that encainide or flecainide increased mortality 
when compared with the effects of placebo. It should be 
emphasized that such a strikingly deleterious - 
curred despite >80% suppression of premature ventricu- 
lar contractions and >90% suppression of runs of ventric 
ular tachycardia. 
The results of the Cardiac Arrhythmia Suppression: F 
Trial have been extensively discussed,’ and their impli- : 
cations for the control of sudden death in the survivors _ 
will continue to be considered and reappraised in the next 
few years. In brief, the trial involved 1,500 patients at 23 — 
centers in the United States, Canada and Sweden. Of the 
730 patients assigned to encainide or flecainide and treat- 
ed for an average duration of 10 months, 56 died or had a 
cardiac arrest, whereas of the 725 given placebo, 23 died» 
or had a cardiac arrest (Fig. 8). The sudden death rate ins `; 
the encainide or flecainide group exceeded that of place- 
bo by 364% (33 of 730 vs 9 of 725 = 3.64). The trend i 
mortality was not affected by concomitant therapy with | 
calcium antagonists, 8 blockers, levels of ejection fraction — 
or any other considered factors. The probability of de=. 
creasing the incidence of sudden death with agents that 
selectively and markedly delay conduction in the tr 
ment of asymptomatic premature ventricular contrac- 
tions remains unknown. It is likely that the data are 
applicable to all class Ic agents and possibly to class F 
agents in general. : 
These data raise an additional, broader and perhaps n 
more fundamental issue: that the reduction of prema 
ventricular contractions may not lead directly toa reduc 
tion in sudden death. Continuous monitoring in the set- 
ting of a coronary care unit has shown that the onset of 4 
ventricular tachycardia, fibrillation or both often is not. 
preceded by significant increases in the numbers and 
complexity ef premature ventricular contractions. Tt 
takes only 1 extrasystole to initiate ventricular fibrilla- 
tion, and a marked reduction in the numbers and com- — 
plexity of premature ventricular contractions (barring 
reduction of symptoms when they are present) does not 
ensure that ventricular fibrillation will be prevented. 
Moreover, it has not been established clearly what per- 
centage of premature ventricular contraction reduction is — 
needed to effect a meaningful clinical outcome with r 
spect to mortality. Whether drug therapy can in fact 
eliminate every premature ventricular contraction that is 
generated in the heart and maintain its effectiveness over 
prolonged periods is difficult to determine. The percent- 
age reduction of premature ventricular contractions in 
the Cardiac Arrhythmia Suppression Trial!! was, of 
cessity, completely arbitrary, there being no assur 
that with a change in the clinical course of patients, whi 
is inevitable, the degree of suppression would not change. 
As already indicated, the beneficial effect of 8 blockers on 
ventricular fibrillation was dissociated from those < on pre 
mature ventricular contraction reduction... 
An analysis of the available data on the 
various antiarrhythmic agents (exclusive of 8 bloc 
performed by Furberg indicates either an un or 
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Procainamide 15-25 
Disopyramide ? 
Mexiletine 15 
Tocainide 10-15 
Ethmozine 15-20 
Encainide 10-15 
Flecainide 10-15 
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B blockers 71-2 
Amiodarone 8-40 
Sotalol 40-45 
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Diltiazem 


_ trend with a slight increase in mortality or no effect in 
_ survivors of acute MI (Table I). His analysis of the data, 
taken in conjunction with the results of the Cardiac Ar- 
thmia Suppression Trial,'! does not appear to support 
e use of the clinical end point of suppression of prema- 
ventricular contraction or treatment of asymptomat- 
rrhythmia as a realistic or desirable approach to the 
eduction of arrhythmic deaths. As indicated in Table III, 
there appears to be no systematic relationship between 
premature ventricular contraction suppression induced 
/ Various antiarrhythmic drugs and the prevention of 
induction of ventricular tachycardia or ventricular fibril- 
_ lation by programmed electrical stimulation of the heart. 

_ A lack of concordance in this regard might indicate that 
_ the density and complexity of premature ventricular con- 
_ tractions do not provide reliable information about the 
_ electrical instability of the substrate for lethal arrhyth- 
_ mias, as has been widely believed.> This issue merits 
-critical reappraisal and scrutiny. In fact, the available 
data cast serious doubts about whether the presence of 
_ premature ventricular contractions in patients with previ- 
-ous infarction does indeed constitute an independent 
_ marker of risk for sudden death. 

-On the other hand, reduction or elimination in repeti- 
> beats by agents that have different electrophysiologic 
rofiles with no effect on conduction (e.g., 8 blockers) or 
_ those with modest depressant effect on conduction (e. 8., 
. amiodarone) might be effective in altering mortality in 

_ patients with potentially life-threatening ventricular ar- 
_ thythmias. However, the so-called premature ventricular 
_ contraction hypothesis could not be tested with such 
_ drugs because they have a complex electrophysiologic 
_ profile. Suppression of premature ventricular contraction 

y these drugs may be only 1 component of their overall 

harmacologic effects that contribute to mortality reduc- 

At remains speculati 
re ventricular cont 


















































‘ABLE m Aniatraninic ae and Their Effects on inducibility of Ventricular Tachycardia, Ventricular Fibril lation and on o 


Prevention of 
inducibility of Suppression of VT beats 
VT/VF by PES PVCs by >75% by >90% 

Test Drug {% of patients) (% of patients) (% of patients) 


See :* Data included are crude estimates from controlled and uncontrolled studies reported in the literature. However, they provide a reasonable approximation of the overall effect.of 
various antiarrhythmic agents in affecting 2 major end points used in determining the efficacy of pharmacologic therapy of (life-threatening) ventricular arrhythmias. Note the lack of 
“6oncordance between suppression of premature ventricular contractions and suppression of inducible VI /VF j ate 

“hos ASA = intrinsic sympathomimetic activity; PES = programmed electrical stimulation; VT /VF = ventricular tachycardia / ventricular fibrillation. 
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rone (see later), both exerting significant antiadrenergic 
actions, contributes to their observed salutary effect on 
mortality in the survivors of acute MI. 


BRADYCARDIA, PROLONGED 
REPOLARIZATION AND VENTRICULAR 
FIBRILLATION THRESHOLD: INSIGHTS 
FROM STUDIES ON AMIODARONE 
An interesting observation has been reported by 
Raine and Vaughan Williams? on the changes in the 
cardiac action potentials in rabbit myocardium that is. 
chronically treated with a variety of 8 blockers. They 
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FIGURE 8. Effects of flecainide, encainide and placebo on sud 
den arrhythmic deaths in the survivors of acute myocardial 
farction with premature ventricular contractions. 
At the end of about 10 months of follow-up, there was 





whether suppression of pre- p se ted 


_ found that the at blockers propranolol and acebutólol pro- 
duced a modest but significant lengthening of the action 
potential duration while not affecting the upstroke veloci- 

_ ty of phase 0. It was postulated that such a change repre- 

. sented a physiologic adaptation to chronic sympathetic 

_ blockade. The observed prolongation of the action poten- 
tial was therefore considered a mechanism for the reduc- 

“sudden death by 6 blockade. The clinical counter- 

f these studies have been conflicting. Some studies 

he monophasic action potential measurements that 

uction electrodes have both confirmed as well as 
snied the prolongation of repolarization.” Measure- 
ents of the QT, intervals in humans following long-term 

__ B-blocking therapy have shown that repolarization may 

be shortened, prolonged or not changed at all.8*8° How- 

ever, to date, the circadian rhythmicity of QT/QT, 
changes induced by chronic 6 blockade has not been 

_ determined. Such a rhythmicity for QT, is known to be 

out of phase with the heart rate, being longest when the 

_ sinus frequency is the lowest.” 

_. Therefore, it is possible that 8 blockers prolong the 

_ QTc interval but only during the sleep cycle. The effect of 

_ homogeneously prolonging repolarization with a corre- 

_ sponding increase in the ventricular effective refractory 

_ period might be antifibrillatory and contribute to sudden 

death reduction in the early hours of the morning. 

_ Whether the ventricular effective refractory period in- 

` creases as a function of long-term 8-blocking therapy has 

not been determined. 

A clinical context that resembles the long-term ad- 

ministration of 8 blockers is the long-term administration 

of amiodarone. The drug is a complex iodinated molecule 

__ that slows the heart rate in a stepwise fashion as a func- 

-tion of time, exhibits significant anti-ischemic properties, 

"antagonizes sympathetic excitation and elevates the ven- 

` tricular fibrillation threshold.®! It has a significant effect 

in suppressing premature ventricular contractions; in 

_ both experimental models and in humans it prevents the 

occurrence of sudden death”! and is effective when other 

agents fail in more than two-thirds of patients with life- 
- threatening ventricular arrhythmias. For these reasons, 
the effects of amiodarone on mortality in survivors of 

acute MI are of interest.?! -9 

_ Preliminary data from a recent study are of impor- 

- tance.’ A population of 312 patients who had survived an 

`- MI with complex premature ventricular contractions 

_- were randomized into 3 treatment groups. The first group 

(n= 114) was not given antiarrhythmic treatment; the 

_ second group (n = 100) was given conventional antiar- 

_ rhythmic treatment with agents and doses adjusted to 

produce a defined degree of premature ventricular con- 

traction suppression; and the third group (n = 98) was 
treated with an initial loading dose of amiodarone fol- 

_ lowed by a low maintenance dose of the same drug. The 

_ follow-up period lasted 12 months. 

By the end of follow-up, there were 15 cases of sudden 

-death in the untreated group, 12 in the group with indi- 

< yidualized antiarrhythmic therapy and 5 in the amioda- 

fone group (p <0.05 compared with the untreated 
group). The data indicate. that amiodarone had the poten- 

: tial to reduce sudden death in the survivors of MI, al- 
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“though the number of patients i in eac 


small to permit an analysis of the link between sudden 
death and the degree of suppression of complex prema- 
ture ventricular contractions. It is likely that, as in the 
case of 8 blockers, the beneficial effect is related to the 
antifibrillatory actions of the drug rather than i its antiec- 
topic property. i 

A numter of larger, placebo-controlled trials a are be- 
ing initiated to determine whether the results of this pilot _ 
study will be confirmed. Meanwhile, the use of amioda- : 
rone in patients who have survived MI and have complex ~ 
ventricular ectopy cannot be recommended in a rout 
fashion. In this context, its use must be balanced 
awareness of its complex and potentially deleterious side 
effects relative to the expected beneficial effect on mor- 
tality. Nevertheless, the properties of amiodarone and 
those of 6 blockers, both significantly attenuating adre-. 
nergic stimulation, clearly provide important pharmaco- 
logic probes to define the critical determinants of efficacy 7 
of a compound for mortality reduction in high-risk survi- = 
vors of MI. Clearly, the focus must shift from antiar- —— 
rhythmic agents that delay conduction to those that exert 
antifibrillatery actions by sympathetic antagonism and — 
those that prolong refractoriness in cardiac muscle.?5-100 






















CONCLUSIONS 
There now is little doubt that 8 blockers reduce the oF 
incidence of sudden death and reinfarction in the survi- 
vors of acute MI. To date, they are the only agents that... 
have been shown in controlled clinical trials to reduce 
sudden death in patients with MI. However, the precise 

mechanism mediating their salutary effects is not know 
It is likely to be complex and multifactorial, perhaps 
resulting largely from the competitive attenuation of the 
ischemic and arrhythmogenic influences of sympathetic : 
stimulation. From the available techniques, it appears 
difficult to quantify precisely the relative importance of _ 
effects on collateral blood flow, myocardial substrate uti 
lization, myocardial oxygen demand, platelet aggregab: 
lity or even triggers of sustained electrical disturbances in _ 
the ischemic myocardium. However, 8 blockers do. not 
appear to produce their beneficial effect by reducing the — 
number or complexity of premature ventricular contrac- » : 
tions. What has emerged from a growing experimental eo 
and clinical data base is the key role of heart rate in 
modulating not only the severity of ischemia, but also the 
vulnerability to ventricular fibrillation in the ischemic 
myocardium. The data emphasize the significance of the 
adrenergic nervous system in mediating the arrhythmo- : 
genic potential of the ischemic myocardium, 
Despite the fact that calcium antagonists are potent < 
anti-ischemic agents, they appear to have either no effect 
on sudden death or produce a slight excess in mortal 
when given pr rophylactically to survivors of acute ML. 
the present, it is difficult to justify their use in the routine 
prophylactic treatment of survivors of acute MI to reduce 
sudden death or reinfarction. The divergent effects of B 
blockers and calcium antagonists. on mortality in this 
setting appear to be related, at least in part, to e val 
able effects of calcium antagonists on heart r 
A meta-analysis ofc con Toled trials with va rious su 


















































categories of class I antiarrhythmic a agents suggested ei- 
10 effect or a modest increase in mortality when 
hose agents were given to survivors of acute MI. The 
otentially deleterious effect of class I agents on mortality 
has come into sharp focus with the report from the Cardi- 
ac Arrhythmia Suppression Trial that agents that exert a 
- markedly depressant effect on myocardial conduction 
produce a dramatic increase in mortality despite sup- 
ressing premature ventricular contractions in post-MI 
_ survivors. The emerging data thus indicate a need for a 
_ shift from class I agents and calcium antagonists to 8 
-blockers and antifibrillatory antiarrhythmic agents that 
- exhibit antiadrenergic properties for the purposes of sec- 
adary prevention in the survivors of acute MI. 


Acknowledgment: Iam much indebted to Francesca 
Frederick and Lawrence Kimble for help in preparing 
. his article. 
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Intrinsic sympathomimetic activity (ISA) character- 
izes a group of 8 blockers that are able to stimulate 
-adrenergic receptors (agonist effect) and to op- 

e the stimulating effects of catecholamines (an- 
agonist effect) in a competitive way. Partial ago- 
ists are ligands that elicit a submaximal response 
when bound to $ receptors at maximal occupancy. 
in the isolated rat atrium, acebutolol produces a 
naximal stimulatory effect that is only 17 + 8% of 
-the maximal effect induced by the full £ agonist iso- 
ao _proterenol. The presence of ISA results in less rest- 
-ing bradycardia and less of a reduction in cardiac 
_ output than is observed with 6 blockers without 
ISA. In the long term, partial 8 agonists may pro- 
__. duce arterial vasodilation and increase arterial 
compliance, possibly leading to additional beneficial 
effects in the treatment of hypertension. 8 blockers 
ith. ISA do not have adverse effects on plasma li- 
poproteins during long-term treatment; in addition, 
the presence of ISA could counteract the up-regula- 
tion of 8 adrenoceptors often observed with 8 
blockers without ISA. Finally, the presence of ISA 
has been a conflicting issue for the use of such 8 
blockers in secondary prevention after myocardial 
farction. However, the impressive results of the 
_. Acebutolol Prevention of Secondary Infarction trial 
in high-risk patients after myocardial infarction 

_ «show that acebutolol, a 8 blocker with moderate 

partial agonist activity, can be effective in decreas- 
ing the postinfarction mortality rate. By exhibiting 
Strikingly different hemodynamic profile from 
that of 8 blockers without ISA, the partial 8 ago- 
nists form an intriguing pharmacologic class of 
_ drugs for which prospective clinical trials should be 
- extensively pursued. 

a (Am J Cardiol 1990;66:21C-—23C) 
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l ac output (CO) are less decreased ; at rest and exe: 





agonist activity, characterizes a group of 8 blocke 

that can simultaneously stimulate 6 receptors (agoni 
activity) and antagonize the effects of catecholamines on 
these receptors in a competitive manner (antagonist a 
tivity). The presence of ISA has been the subject of i 
tense research, and the clinical relevance of this proper 
remains controversial in terms of overall therapeutic ef 
cacy of 8 blockers, not only in the treatment of angin 
pectoris and hypertension, but also for secondary preve 
tion after myocardial infarction. 


[eens sympathomimetic activity (ISA), or parti 






























PARTIAL AGONIST ACTIVITY 

When bound to -adrenergic receptors, a 8 block 
with ISA stimulates the receptors leading to activation: 
the stimulating guanine nucleotide proteins and of th 
catalytic adenylate cyclase, and competitively opposi 
the stimulating effects of catecholamines. When com. 
pared with the stimulating effects of a full 8-adrenoce 
agonist such as isoproterenol, a 8 blocker with ISA wi 
elicit only a submaximal response when bound to recer 
tors at maximal occupancy. Abrahamsson! has recentl 
shown that partial 6 agonists cause a concentration-d 
pendent increase in the atrial rate of isolated right atrium 
of the rat. In this model, acebutolol induced a maximé 
stimulatory effect corresponding to 17 + 8% of the ma 
mal effect of isoproterenol. However, when administere 
before isoproterenol, acebutolol resulted in a right shift o 
the concentration-response curve of the full agonis 
which is characteristic of a competitive antagonist. 

Binding sites for -adrenoceptor agonists may be i 
high- or low-affinity state, and agonists may eithér recog: 
nize or stabilize a high-affinity form of the @ receptor. 
However, it is not yet known precisely whether parti 
agonists activate a small percentage of 6 adrenoceptor: 
into the high-affinity state or if they induce a paran 
conformational change in all receptors.?? 


MAJOR EFFECTS OF INTRINSIC 
SYMPATHOMIMETIC ACTIVITY 
The presence of ISA in a 8 blocker modifies its oh 
macologic effects in a variety of ways. First, cardiac he- 
modynamics and the effects on peripheral circulation 
vary according to the extent of the partial stimulation 
receptors. Similarly, the long-term metabolic effects o; 
blockers are modified in the presence of ISA. Fina 
there could be important consequences of partial agonis 
activity in the regulation of 8-adrenoceptor densit 
Cardiac hemodynamics: Heart rate (HR) an 
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a B blocker with ISA than by one without ISA. Fitscha et 
alt showed on Holter recordings that the partial agonist 
activity of pindolol resulted in an increase in nocturnal 
HR compared with a control period, whereas proprano- 
lol, a 8 blocker without ISA, resulted in a significant 
decrease in diurnal and nocturnal HR. In patients with 
ischemic heart disease, the effects of various 6 blockers on 
HR and CO at rest after bolus intravenous injections 
depend on the intensity of partial agonist activity. Svend- 
sen et al showed that propranolol and atenolol, both 
without ISA, resulted in a dose-related decrease in HR 
and CO, whereas 8 blockers with ISA, such as practolol 
and pindolol, exerted either lesser or no effects on these 
parameters. In this study, for an equivalent degree of $- 
receptor blockade assessed by exercise testing, proprano- 
lol and atenolol reduced CO by 26 to 28% and HR by 15 
to 17%, whereas practolol induced a lesser reduction in 
CO (12 to 17%) and HR (7 to 10%); pindolol did not 
modify these parameters. 

After long-term treatment, the differences between 
the hemodynamic effects of 8 blockers with and without 
ISA are even more important. In patients with mild-to- 
moderate essential hypertension treated for 3 weeks, van 
den Meiracker et al° showed that pindolol resulted in a 
decrease in blood pressure that was associated with de- 
creased vascular resistance (26 + 6%), whereas the de- 
crease in blood pressure with propranolol was mainly 
associated with a decrease in CO (11 + 7%). Atenolol or 
acebutolol did not significantly modify vascular resis- 
tance or CO, although they induced a decrease in mean 
arterial pressure similar to that resulting from proprano- 
lol. In an extensive review comparing the antihyperten- 
sive mechanisms of 8 blockers, Man in’t Veld and Schale- 
kamp’ evaluated the effects of these drugs on CO and 
total peripheral resistance. After acute administration, 6 
blockers without ISA resulted in the most pronounced 
decreases in CO and increases in peripheral resistance. In 
the long term, the effects of these drugs persist, whereas 6 
blockers with moderate ISA (e.g., acebutolol, alprenolol 
and oxprenolol) induce no additional increase in total 
peripheral resistance. A 8 blocker with high ISA, such as 
pindolol, can even induce vasodilation and a limited in- 
crease in CO. Calculated total peripheral resistance is 
higher after short- and long-term treatment with 6 
blockers without ISA than it is with 6 blockers with ISA. 

Peripheral circulation: Peripheral blood flow is de- 
creased less by a 8 blocker with ISA than by one without 
ISA. Relative selectivity for 8; adrenoceptors can be an- 
other factor that could explain why acebutolol did not 
reduce forearm blood flow at rest in 9 hypertensive pa- 
tients, whereas this parameter was significantly altered 
by propranolol for an equivalent cardiac blockade, as 
shown by Ireland and Littler.® 

More recently, Levenson et al? studied forearm hemo- 
dynamics in hypertensive patients treated with acebutolol 
for 3 months. Using noninvasive techniques (pulsed 
Doppler velocimetry and strain gauge mechanography), 
these investigators showed that the partial activity of 
acebutolol improves forearm arterial compliance by a 
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concomitant decrease in pulse-wave velocity and increase 
in arterial diameter. 

Metabolic effects: The effects of long-term 6-blocker 
treatment on plasma lipoproteins are of major concern 
during antihypertensive therapy. These drugs can in- 
crease plasma triglyceride and very low density lipopro- 
tein cholesterol levels and decrease high-density lipopro- 
tein cholesterol levels.!° Interestingly, the results of long- 
term treatment with acebutolol show no adverse effects 
on plasma lipoproteins.!! 

Beta-adrenoceptor density: The density of sarcolem- 
mal B-adrenergic receptors on cardiac myocytes is regu- 
lated by the intensity of sympathetic stimulation or the 
degree of 8 blockade. Beta blockers induce an increase in 
the density of 8 adrenoceptors, so-called up-regulation. 
Conversely, stimulation of 8 adrenoceptors by agonists 
results in desensitization (down-regulation) of the recep- 
tors through phosphorylation of the protein chain of the 
receptor site on the myocardial cells.* 

Human lymphocyte membranes are frequently stud- 
ied in order to measure the density of specific binding 
sites for radioactive ligands ('**I pindolol, for instance) 
before and after -blocking treatments. Recently, van 
den Meiracker et alé showed that lymphocyte 6-adrener- 
gic receptor density was not significantly modified by 3- 
week treatment with acebutolol and atenolol in patients 
with hypertension, whereas it was significantly increased 
with propranolol and decreased with pindolol. Lympho- 
cyte 8 adrenoreceptors in humans are of the 62 subtype. 
Therefore, the differences observed between the nonse- 
lective 6 blockers propranolol and pindolol are likely to be 
explained by the presence of ISA for pindolol (resulting 
in a down-regulation of the 8 receptors) and the lack of 
ISA for propranolol (resulting in an up-regulation of the 
B receptors). The lack of significant modification in lym- 
phocyte 6-receptor density observed during atenolol or 
acebutolol treatment in this study could be explained by 
the relative 8; selectivity of both agents. However, the 
existence of a moderate partial agonist activity for acebu- 
tolol could play a role in the absence of variation in 8- 
adrenoceptor density. 

To date, no study has clearly demonstrated the lack of 


- effects of acebutolol on cardiac 8-adrenoceptor density. 


However, experimental data on reconstituted 6-adrener- 
gic receptors from hamster lung have shown that partial 
agonists promote less phosphorylation by the 6-adreno- 
ceptor kinase than a full agonist such as isoproterenol.’ 
These results suggest that partial agonists may cause less 
desensitization than that associated with saturating con- 
centrations of isoproterenol. It is not known, however, 
whether the partial agonist activity of acebutolol could 
counteract an up-regulation of 6; receptors in cardiac 
myocytes, resulting in a lack of modification in cardiac 
receptor density during long-term treatment. 

Intrinsic sympathomimetic activity and secondary 
prevention trials: One of the most controversial issues 
concerning the presence of ISA has been its clinical rele- 
vance for 6 blockers used in secondary prevention trials. 
Conflicting results have been observed in previous clinical 


trials with 6 blockers with ISA such as alprenolol, practo- 
lol, pindolol and oxprenolol. Alprenolol'? and practolol!3 
were able to decrease mortality significantly after long- 
term treatment following myocardial infarction. How- 
ever, pindolol! and oxprenolol!* did not show any signifi- 
cant benefit compared with placebo after 2 and 1 years of 
follow-up, respectively. 

In an important and well-documented retrospective 
meta-analysis, Yusuf et al'® showed that in late-interven- 
tion long-term postinfarction trials, the overall mortality 
rate was not significantly different between the patients 
treated by 8 blockers with ISA (8.4%) and the placebo 
control groups (9.3%). In contrast, the beneficial effects 
of 6 blockers without ISA were obvious, with an overall 
mortality rate of 7.6% in the treated groups vs 10.5% in 
the placebo control groups (p <0.001). The workers con- 
cluded that “there may be important differences between 
the two classes of 8 blockers,” with a 30% reduction in the 
odds of death in trials of 8 blockers without ISA com- 
pared with only a 10% reduction in trials of 6 blockers 
with ISA. That conclusion, which has been commonly 
accepted by cardiologists, may have to be reconsidered in 
light of the results of the Acebutolol Prevention of Secon- 
dary Infarction (APSI) trial. In that study, acebutolol, a 
8 blocker with moderate partial agonist activity, de- 
creased the 1-year (318.5-day) mortality rate in high-risk 
postmyocardial infarction patients by 48%. That result 
shows that a 6 blocker with moderate ISA can be effec- 
tive in secondary prevention. It is not known whether the 
high ISA of pindolol in one trial'* or the 320-mg daily 
dose of slow-release oxprenolol administered in another 
trial' could explain the lack of activity of those com- 
pounds in secondary prevention. However, the results of 
the APSI trial show that the presence of ISA does not 
preclude any beneficial effect of a 8 blocker with moder- 
ate partial agonist activity in high-risk patients after myo- 
cardial infarction. 


CONCLUSION 

Beta blockers with ISA exhibit a strikingly different 
hemodynamic profile than do 8 blockers without ISA. 
Such partial agonist activity is relevant for long-term 


treatment of hypertension but, until recently, remained 
controversial for prophylactic use after myocardial in- 
farction. That conclusion will have to be reconsidered 
after the impressive results of the APSI trial with acebu- 
tolol, a 8 blocker with moderate partial agonist activity. 


REFERENCES 


1. Abrahamsson T. Characterization of the 8-adrenoceptor stimulatory effects of 
the partial 8)-agonists acebutolol, xamoterol, H142-08 and H201-70. Eur J 
Pharm 

acol 1989;164:121-128. 

2. Stiles GL. Mechanisms of receptors activation in adenylate cyclase systems 
(abstr). J Cardiovasc Pharmacol 1989;14:suppl 5:S1-S5. 

3. Benovic JL, Staniszewski C, Mayor F Jr, Caron MG, Lefkowitz RJ. 6- 
adrenergic receptor kinase. Activity of partial agonists for stimulation of adeny- 
late cyclase correlates with ability to promote receptor phosphorylation. J Biol 
Chem 1988;263:3893-3897. 

4. Fitscha P, Tiso B, Meisner W, Spitzer D. The effect of intrinsic sympathomi- 
metic activity of 8-adrenoceptor blockers on circadian heart rate. Br J Clin 
Pharmacol 1982;13:211S-215S. 

5. Svendsen TL, Hartling OJ, Trap-Jensen J, McNair A, Bliddal J. Adrenergic 
beta receptor blockade: hemodynamic importance of intrinsic sympathomimetic 
activity at rest. Clin Pharmacol Ther 1981;29:711-718. 

6. van den Meiracker AH, Man in’t Veld AJ, Boomsma F, Molinoff PJ, Schale- 
kamp MADH. Hemodynamic and §-adrenergic receptor adaptations during 
long-term -adrenoceptor blockade. Circulation 1989;80:903-914. 

7. Man in't Veld AJ, Schalekamp MADH. On the antihypertensive mechanisms 
of beta-adrenoceptor antagonists in relation ot intrinsic sympathomimetic activity, 
cardioselectivity and hydrophilicity. J Pharmacol (Paris) 1983;14:suppl 11:69- 
104. 


8. Ireland MA, Littler WA. The effects of oral acebutolol and propranolol on 
forearm blood flow in hypertensive patients. Br J Clin Pharmacol 1981;12:363- 
368. 

9. Levenson J, Lequan Sang KH, Devinck MA, Gitel R, Simon A. The role of 
antihypertensive drugs in counteracting adverse influence on large arteries. Am 
Heart J 1987;114:992-997. 

10. Weidmann P, Gerber A, Mordasini R. Effects of antihypertensive therapy on 
serum lipoproteins. Hypertension 1983;5:suppl 3:111-120-I11-131. 

11. Giuntoli F, Scalabrino A, Galeone F, Birindelli A, Natali A, Panigada G, 
Saba P. Antihypertensive and metabolic effects of a long-term treatment with 
acebutolol. Curr Ther Res 1984;36:188-194. 

12. Vedin A, Wilhelmsson C, Werlko L. Chronic alprenolol treatment of patients 
with acute myocardial infarction after discharge from hospital. Acta Med Scand 
1985,;575:3-56. 

13. Multicentre International Study: Supplementary report. Reduction in mor- 
tality after myocardial infarction with long-term beta-adrenoceptor blockade, Br 
Med J 1977;2:419-421. 

14. Australian and Swedish Pindolol Study Group. The effect of pindolol on the 
two years mortality after complicated myocardial infarction. Eur Heart J 
1983,;4:367-375. 

15. The European Infarction Study Group. European infarction study (EIS): a 
secondary prevention study with slow release oxprenolol after myocardial infare- 
tion: morbidity and mortality. Eur Heart J 1984;5:189-202. 

16. Yusuf S, Peto R, Lewis J, Collins R, Sleight P. Beta blockade during and after 
myocardial infarction: an overview of the randomized trials. Prog Cardiovasc Dis 
1985;27:335-371. 


THE AMERICAN JOURNAL OF CARDIOLOGY SEPTEMBER 25,1990 23C 



















Efficacy of Acebutolol After Acute Myocardial 
‘Infarction (The APSI Trial) | 
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\ randomized, placebo-controlied trial was carried 
out to determine the effectiveness of acebutolol in 
eventing late death in high-risk patients surviving 
an acute myocardial infarction (Ml). The average 1- 
ear mortality rate in placebo groups of 9 trials of 
blockers in post-Mi patients was 7.2% compared 
ith 17% in a nonselected cohort of patients who 
had survived at least 7 days after an MI. The man- 
date for this trial was based on the fact that high- 
risk patients whose mortality rate exceeds 20% 
have not been enrolled in significant numbers in 
previous trials. It remains to be proved whether f- 
blocking therapy in this patient population is bene- 
ficial. Selection of high-risk patients for inclusion in 
he trial was based on an algorithm set up from the 
| de Prevention Secondaire de l’Infarctus du 
yocarde Registry. At the time of the second inter- 
analysis, the mortality rate in the placebo group 
; 12%, lower than expected (>20%). The trial 
s stopped; at that time, 309 patients had been 
allocated to placebo and 298 patients to acebutolol 
therapy. After 318 days, there were 17 deaths in 
the acebutolol-treated group and 34 in the placebo 
group, a reduction in total mortality of 48% 
(p = 0.019). There were 30 vascular deaths in the 
_ placebo group and 12 in the acebutolol group. 
‘Thus, cardiovascular mortality with acebutolol was 
reduced by 58% (p = 0.006). The incidence of all 
cardiovascular-related deaths was lower in the ace- 
butolol-treated group. The total reduction in mor- 
tality did not appear to be correlated with secon- 
dary risk factors. Although the objective of the 
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study, which was to enroll patients at high ae 
was not met, the patients in this trial were at high- 
er risk than average patients in previous trials. We 
conclude that moderately high-risk post-Ml pa- iis 
tients can benefit from treatment with 8 blockers, 
and 8 blockers with mild intrinsic sympathomimetic ee 
activity can be effective. i ; 

(Am J Cardiol 1990;66:24C-31¢) oe 




































(APSI), a double-blind, placebo-controlled 1 
of acebutolol following myocardial infarction 
(MI), was designed to assess the efficacy and safety of _ 
acebutolol in high-risk patients after acute MI! It has 
been reported that the average l-year mortality rate in 
the placebo groups of previous late-intervention trials 
with 8 blockers is approximately 7%”; however, the aver- 
age 1-year mortality rate of an unselected group of 6,900 
patients still alive 8 days after an acute MI was 17% in the 
Essai de Prévention Secondaire de I’Infarctus du Myo- 
carde (EPSEM) Registry kept between 1975 and 19793 
Therefore, the efficacy of 8 blockers in secondary preven 
tion after an acute MI has been assessed only in low- or - 
moderate-risk patients and not in high-risk patients. 
A post-hoc subgroup analysis of the pooled data. 
the first 9 trials showed that all subgroups of patients : 
benefited from treatment. Subgroups with the presence = 
of high-risk prognostic factors that indicated mechanical- 
or electrical failure benefited the most from treatment.4. 
However, even in those high-risk subgroups, the I-year 
placebo group mortality rate was <17%, which was the 
rate teported by EPSIM. Penes, the question of v \ er 





A cebutolol et Prévention Secondaire de Infarci 


mained unanswered. 
Approximately two-thirds of postacute M! 
are at high risk, and assuming that it is the 
possible to select patients at a given mortality r 
Clinical Pharmacology and Therapeutic Commi 
the French Society of Cardiology initiated a rand 
trial of 6-blocking treatment in patients with a mortality : 
risk of at least 20% during the first year afteran MI. The 
APSI study was intended to include only high-risk pa- = 
tients, i.e., those with a mortality risk 220%. The protocol 
was accepted independently by both the Ethics Commit- 
tee of the Claude Bernard University and the Pihis 


















A ERIALS AND METHODS | 
APSI was carried out in 44 university and community 
ospitals throughout France. As defined in the protocol, 
e primary end point assessed was total mortality and 
ardiovascular death was the second. Vascular death was 
fined as any death that could be related to a cardiovas- 
r event: sudden death, MI, cardiac failure, stroke or 
cerebral hemorrhage. Nonfatal events not reported in 
ilar study forms were not identified (i.e., no notifica- 
procedure was established during the trial). Hence, 
frequencies of nonfatal clinical events are probably 
_ incomplete. This also applies to symptoms or signs noted 
_ during the follow-up period. The analysis for primary and 
: secondary end points was performed on an intention-to- 
basis. Patients were randomized centrally to receive 
cebutolol 200 mg twice daily or matching placebo 
stage 11 days after onset of symptoms. 

igh-risk patients were selected on the basis of previ- 
vestigations of the EPSIM Registry.’ Analysis of 
gistry revealed that by including only patients with 
secondary risk factors, a 1-year mortality rate of at 
t 20% in the placebo group could be expected. 
Patients were eligible if: (1) they had at least 2 of the 3 
Pasie signs of MI (i.e., typical chest pain of at least 1 
_ hour in duration, typical Q waves and significant release 
cardiac enzymes); (2) they had been admitted for 
te MI >2 and <22 days before; (3) they presented at 
t 6 of the secondary risk factors of the selection algo- 
including at least 1 “major” secondary risk factor 
prior documented MI, history of dyspnea when 
g on flat ground, documented atrial fibrillation, 
ricular fibrillation, ventricular tachycardia, overt 
‘t failure or sinusal tachycardia during the reference 
t, recurrent MI or angina pectoris before day 8). 
le patients were then checked for exclusion criteria, 
uding transient exclusion criteria, such as heart rate 
. beats/min, complete auriculoventricular block and 
ute heart failure requiring treatment with at least 2 
s of different classes, such as diuretic and vasodila- 
If the condition disappeared before day 22, the pa- 
fas included. Exclusion criteria were contraindica- 
blocking treatment, noncardiac disease with 
r prognosis, inability to participate, indication for 8- 
ig treatment, age >75 years (exclusion criterion 
‘months after beginning of patient recruit- 
leath, malignancy, valvular disease, coma, asth- 
nic bronchopneumopathy, Raynaud’s syndrome, 
ion in another study or previous enrollment in 
























































of 607 patients were randomized and followed 
age duration of 318 days. A registry was kept 
oughout the trial in 7 centers to assess the proportion 
included patients and the 1-year mortality rate of the 
pet population. As shown in Figure 1, less than 12% of 
target population was randomized. 

The study was organized as a prospective multicenter 
he Coordinating and Data Handling Center was in 
ge fi managing the trial, editing collected data, con- 
ig compliance by both investigators and patients, 
zing the treatment through an on-line computer- 





ber 1988, 44 centers had recruited 555 pati 


eure and soiree | the results. The E mean duration of follow-up of 271 on es on 
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Patients Admitted for an Acute Myocardial infarctio 






7 Centers Registry 









registered patients 
1883 











719 Excluded 








eligible patients 
1164 (61.8%) 








945 Excluded 

































219 Included 
(11.6%) 





FIGURE 1. Registry of patients admitted for acute Mi in 7 
centers. 


Board decided to monitor total mortality data with a1 
tailed group sequential plan. Interim analyses wer 
scheduled after every 20 deaths. The global first kind 
statistical error risk was kept at 0.05. The Policy Board 
was responsible for monitoring the relevance of the study: 
sample to the target population. Its voting members were 
not otherwise involved in the trial and had no connection 
with the sponsor. Only the voting members of this Com- 
mittee and 4 individuals in the Coordinating Center were 
aware of the interim results. The Critical Events Com- 
mittee met periodically to classify causes of death. Its. 
members were not otherwise involved in the trial and 

were kept blind regarding the study treatment. ee 

Chi-square test, or Fisher exact test when a theoreti- 

cal number was lower than 5, was used to compare rates. 
A Student’s ¢ test or analysis of variance was used to 
compare continuous data. Cox regression was used to- 
adjust the mortality rate difference to delay of survey and. 
baseline variables. The Mantel-Haenszel procedure was 
used to account for qualitative baseline variables. Homo- 
geneity of relative risks according to the values of binary 
baseline variables was tested by the Breslow-Day meth- 
od.5 


RESULTS 
Patient enrollment began in April 1987-At thes time o 
the second interim analysis (after 40 deaths) i in 





the ple abog group to F year showeda — 
expected rate: 12% instead of at least — 
ion, the proportion of enrolled patients was 
2%, contrary to the expected rate of approximately 30%. 
ysis of the registry of considered patients predicted recruited by 44 clinical centers ase 138 
the percentage should have been 49%. The Policy center; range, | to 43); 309 patients received 
ird recommended the trial be stopped because the 298 received acebutolol. : 
_ study population was not markedly different from those The number of secondary risk factors in both in luded 
of previous trials. That recommendation was endorsed by and excluded patients is given in Table I and the d 
the Steering Committee. Enrollment of patients was ter- tion of secondary risk factors in both excluded : 


‘TABLE 1 Major and Minor Risk Factors (%) 





Excluded Excluded ESS 
<48 hours >48 hours Included Included. 
After After Same Bet : 
Admission Admission Centers Total. 

(n= 719) {n = 945) (n= 219) 





©. Minor risk factors 
“ “Age >60 years i 52.00 52.97 
Female : : 22.83 
Prior history 
Angina pectoris F : 41.10 
Unstable angina a ; 29.22 
Angina pectoris >5 years i f 14.16 
Nonproven MI 
Acute pulmonary edema 
Severe exertional dyspnea 
Nocturnal dyspnea 
Intermittent claudication 
Välvular disease 
Diabetes mellitus 
Renal failure 
Liver cirrhosis 
Contraindication to oral anticoagulants 
Present or former smoker 
Hypertension 
Onset of symptoms 
Infarct location other than posterior or inferior 
Shock 
Acute pulmonary edema 
Conduction defect or rhythm disturbance 
Palpitations 
Arrhythmia 
Murmur 
Cyanosis 
Cold hands and feet 
Hepatomegaly 
Hepatojugular reflux 
Early stage 
“= Breathlessness 
Choking 
Relieved in sitting position 
= -Smarting 
Foaming expectoration 
Auriculoventricular block 
Heart rate >65 beats/min 
Major risk factors 
“©. Prior history of 
¿Documented MI 
- Dyspnea on flat ground 
“Acute stage 
Atrial fibrillation 
‘Ventricular fibrillation or ventricular tachycardia 
i oe Heart failure 
< Early stage 
Sinus tachycardia 
Recurrent-angina pectoris 
Recurrent Mi : i 
< Number of risk factors (rango) 
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BLE iB Signiticen i ly. Different Baseline Characteristics | in 
e wo Treatment Groups: ae 


Acebutolo! Placebo 


Hypertriglyceridernia 
trial fibrillation or flutter* 


First 48 hours. 
-1T From Day 3 to Day 21. 


domized patients is shown in Figure 2. Individual predict- 

sk was computed from a logistic function constructed 

the EPSIM registry data. The distribution of in- 

ded and excluded patients in relation to their 1-year 

retical risk of mortality is shown in Figure 3. There 

s no statistically significant difference with respect to 

redicted risk between the acebutolol group and the pla- 
group. 

"he baseline characteristics of the 2 groups were as- 

sessed through comparison of 266 baseline variables; only 

f these 266 characteristics were statistically signifi- 

ntly different (p <0.05) between the 2 groups (Table 

hus, we can conclude that differences in baseline 

teristics were minimal between the 2 groups and 

imilar patient populations existed in the 2 groups. 

ver, the findings on mortality were adjusted for 

7 variables, among others. Such an adjustment did 

substantially change the difference in mortality. The 

s for exclusion of eligible patients are listed in Ta- 

The most common reasons were contraindications 

locking agents or indications for such drugs and 

ity to participate in the trial. 


istribution (%) 


D 


TABLE Ill Reasons for Exclusion in 1,664 a 


Criteria 


Prior enrollment in APSI 
Participation in another study 
inability to enroll 

Malignancy 

Vaivular disease 

Age >75 years 

Indication for 8 blockers 

Other contraindications to 8 blockers 
Raynaud's syndrome 

Chronic bronchopneurnopathy 
Asthma 

Nonproven infarction 

Coma 

Death 

Not available 


Day 3 and Day 21 
(n = 945) 


Criteria . % 


Complete auriculoventricular block 
(3rd grade) 

Cardiac failure requiring treatment with 
22 drugs of different classes 

Bradycardia (<45 beats/min) 

Unstable insulin-dependent diabetes 

Sequela of stroke 

Indication for coronary bypass surgery 

indication for amiodarone, bepridil, 
verapamil or diltiazem 

Condition preventing study inclusion 

Refusal of consent 

Risk factors <6 

Death 

Not available 


MMM Excluded 
C] Acebutolol 
Placebo 


Ua is i 


23 45 67-8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 232425 262 


No. of 


ndary risk factors 





: , Observed, eed and 
Mortality Rates (%) in Excluded and Randomized 


Theo- 
retical 
1-year? 


Extrapo- 
lated 
l-yeart 


Expected Observed 
l-year* (318days) 


26.0 





17.0 
From analysis of the EPSIM registry (patients still alive at 8 days). 
“Exponential extrapolation. 
Computed by applying the logistic regression function estimated from the EPSIM 
: (patients still alive at 10 days) to APSI patients. 
gistry kept in 7 centers: patients still alive at 10 days. 


- The average theoretical 1-year mortality rate for the 
309 patients in the placebo group was 20% compared 
with the expected 1-year mortality rate of 26% from 
analysis of the EPSIM registry (Table IV). However, the 
extrapolated 1-year observed mortality rate was 12.4%, a 
figure lower (although not statistically significant; 
‘p = 0.24) than the extrapolated 1-year mortality rate of 
‘xcluded patients (14.0%) (Table IV). 
<- The withdrawal rates were the same in the placebo 
nd acebutolol groups. In the acebutolol group, a larger 
number of withdrawals due to a condition that contrain- 
dicated treatment with a 6-blocker was balanced by a 
wer number of conditions that made such treatment 


After an average duration of follow-up of 318 days, 

nly 17 deaths (5.7%) occurred in the acebutolol group, 
whereas 34 deaths (11%) occurred in the placebo group. 
Thus, treatment with acebutolol resulted in a 48% reduc- 
tion in mortality compared with placebo treatment 
(p = 0.019, 2-tailed; p = 0.013, 1-tailed). The survival 
‘curves did not cross-over. The causes of death were vali- 


TABLE Y Observed Risk Reduct 
Number of Secondary Risk Factors - 





Acebutolol 


Risk 
(%) 


-0. 2421 





SRF = secendary risk factors. 


dated by an independent panel of experts. There v wasa 

marked reduction in vascular deaths in the acebutolol 

group (12 patients; 4%) compared with the placebo g 

(30 patients; 9.7%). This 58% reduction in vascula: 

tality was significant (p = 0.006; 2-tailed). All deat 

to cardiovascular reasons were less frequent in the aceb 

tolol group, including deaths due to heart failure. F 

ever, the same number of uncertain causes and non 

diovascular causes of death occurred in both grow 
When the difference in total mortality is adjusted for 

15 baseline characteristics that are established prognostic 

factors (e.g., age and heart rate), the 2-tailed p value 

0.0052. When the difference is adjusted for the seco 


risk factors, the 2-tailed p value is between 0. 17 and 
0.029, depending on the model. 

Since overall mortality in the placebo group was les: 
than expected, we addressed the question of the efficacy 
of acebutclol in high-risk post-MI patients in 3 ways 
First, we first split patients in both groups according to 








Distribution (%) 


WB Excluded 
EZZ Acebutolol 
Placebo 


0.5 0.6 0.7 


au theoretical risk 





> FIGURE 3. Percent distribution of patients and Fear theoretical mortality riske — 
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Congestive Heart Failure 
(no. deaths /no. patients) 


Not 
Present 









Present 








T ‘Acebutolol 





-- C= confidence interval. 


‘ABLE VII Outcome Correlated with 8-Blocking Therapy 
| Prior to Randomization 









Piacebo 
(no. deaths / 
no. patients) 


Acebutolol 
(no. deaths / 
no. patients) 


2/49 
15/249 






















7/51 
27/258 


1p Received -blocker therapy* 
ue ; Did not receive 8-blocker therapyt 
* Relative risk 0.30 (0.06-1.36); p = 0.09. 


bo DM Relative risk 0.58 (0.31-1.06); p = 0.07, Comparison of the 2 subgroups in terms 
`i of relative risk was not significant (p = 0.42). 


ether they had <9 or =9 secondary risk factors. In the 
sebo subgroup with <9 risk factors (n = 170), the 
rtality rate was 7.6%. In the placebo subgroup with 29 
k factors (n = 139), the mortality rate was 15.1%. The 
orresponding mortality rates for the acebutolol sub- 
roups were 3.1% (n = 159) and 8.6% (n = 139), respec- 
ely (relative risk of 0.41 and 0.57, respectively; the 
ifference is not significant: p = 0.65). Second, patients 
re ranked according to their basal risk. Patients with 
he same number of secondary risk factors were grouped; 
groups with fewer than approximately 40 patients were 
grouped together. There were 9 subgroups of patients. 
The observed mortality rates of the 9 placebo subgroups 
ranged from 1.8 to 23.1%; in the 9 acebutolol subgroups, 
mortality rates ranged from 1.8 to 15.8%. There was a 
positive, significant correlation between the observed 
mortality in the acebutolol subgroups and the basal risk 
_ represented by the observed mortality in the correspond- 
ing placebo subgroups (p = 0.026) (Table V). Third, we 
looked for a possible interaction with baseline character- 
__ istics that are correlated with poor prognosis (although 
‘such an interaction has not been substantiated in the 
pooling of 9 previous trials*); results are shown in Table 
'l. Again, there was no indication that efficacy de- 
creased with poor baseline conditions. 
< Since it has been claimed that withdrawal of 8-block- 
-ing treatment may be harmful to patients with coronary 
__ heart disease, patients were subgrouped according to £- 
locking therapy received before randomization.®’ A to- 
tal of 100 patients had received 8 blockers prior to ran- 
domization (Table VII). The relative risk for those pa- 
was 0.30 (0.49 with the Mantel-Haenszel method) 







































ose without B-blocking treatment 





TABLE VI Conditions Possibly Correlated with Poor Prognosis Prior to Randomization 
(no. deaths /no. patients) 


Present 


7/62 


Placebo — 9/77 25/231 12/68 22/241 1/2 337/306: 
1 = Relative risk 0.58 0.46 0.64 0.47 0.33 0.49 ‘ 
“95% Cl 0.22-1.57 0.22-0.97 0.27-1.52 0.23-0.97 0.03-3.20 0.26-0.90: -` 
p-value 0.28 0.02 0.31 0.04 0.35 0.02 i 











_ beats/min; p <0.0001); this difference was observ 
| 95% confidence interval of 0. 06 to 1.36 and 0.58 












Acute Pulmonary 
Edema (MH 2 
(no. deaths /no. patient 





Documented MI 













Noth 
Presento 


16/289 






Not 
Present 


10/233 


Present 


























TABLE VHI Outcome Correlated with Nifedipine Therapy: 
During the Trial 


















Placebo.. 
(no. deaths /. | 
no. patients) 


3/102 
31/207": 


Acebutolol 
(no. deaths / 
no. patients) 


1/107 
16/191 












Received nifedipine therapy * 
Did not receive nifedipine therapy? 
* Relative risk 0.32 (0.03-3.00); p = 0.29. 


t Relative risk 0.56 (0.32-0.99); p = 0.04. Comparison of the 2 subgroups in term: : 
of relative risk was not significant (p = 0.67). 



















val, 0.31 to 1.06). The comparison of the 2 subgroups in 
terms of relative risk was not significantly different (Br 
low-Day chi-square = 0.66; p = 0.42). When 6-blo 
treatment prior to randomization was added as a covar- 
iate in the adjustment model, the p values were not sub- 
stantially changed (p = 0.0067). Hence, there was no 
evidence that the observed effect of acebutolol on mortal- 
ity was due to an interaction with withdrawal from prior 
8-blocking treatment. 

Patients were permitted to receive concomitant thers: 
py with nifedipine. A total of 209 patients received nifed 
pine during the course of the trial. There was no differ. 
ence in the relative risk for patients who had received 
nifedipine and those who had not (Breslow-Day ch 
square = 0.18; p = 0.67) (Table VHI), 

Similar side effects were reported in the placebo and 
acebutolol groups during the study: dizziness or gidd 
ness, asthenia, headache, insomnia, somnolence, depres- 
sion, constipation, dyspepsia, nausea, flatulence, rhinitis, 
shivers, impaired vision, arthralgia, myalgia, rash, an 
urinary discomfort. Only diarrhea occurred more fr 
quently in the acebutolol group. 

Systolic blood pressure was slightly lower in the ace 
butolol group during the first few follow-up visits (131 v 
136 mm Hg; p = 0.004). This difference decreased dus 
ing the course of the study and eventually disappeared a 
9 months. A similar trend was observed for diastoli 
blood pressure (79 vs 82 mm Hg; p = 0.006). Aver: 
heart rate was significantly lower in the acebutolol grou; 
than in the placebo group at 3 months (69.4 > 









































12 months (69.1 vs 74.5 beats/min; p= 0.0001). N 
differences between the 2 groups in clinical examin. 
or functional capacity were re reported by thei investi 
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DISCUSSION 
__ As discussed elsewhere,' this trial was terminated be- 
cause it did not succeed in selecting patients at high risk. 
However, patients included in the study did have a higher 
mean number of secondary risk factors compared with 
excluded patients (Table I), although patients with a very 
high number of secondary risk factors were excluded 
(Fig. 2). When the distributions of theoretical 1-year 
mortality rates are compared among excluded acebutolol 
and placebo patients, there is a striking shift of the mode 
value in randomized patients (Fig. 3). Nevertheless, the 
APSI data support the hypothesis that acebutolol is more 
effective in high-risk than in moderately severe patients. 
First, the extrapolated 1-year mortality rate of the regis- 
tered target population is 13.4%, not quite different from 
the extrapolated 1-year mortality rate in the placebo 
group (12.4%). Furthermore, although the theoretical 1- 
year mortality rate in the target population is 15.1%, close 
to the extrapolated rate (13.4%), the theoretical 1-year 
rtality rate in the placebo group is 20% (Table IV). 
Second, various approaches for subgrouping patients ac- 
ding to their basal risk show consistently that there 
sno decreased risk reduction up to a basal observed 
rtality rate of 23.1% in the placebo patients. 
he observed reduction in total mortality (48%) 
chieved with acebutolol therapy compared with placebo 
is the greatest observed among the previous 12 trials of 8 
lockers in post-MI patients.' A meta-analysis of the 12 
published trials with >200 patients who had been started 
on treatment before discharge confirms that the reduc- 
tion in 1-year mortality observed in APSI is at least as 
good as the pooled benefit. This suggests, but does not 
definitively prove, that acebutolol is more effective than 
any other -blocking agent in secondary prevention after 
MI, despite the fact that the p value for homogeneity is 
small when APSI is added to the other trials (0.023; the 
95% confidence interval for the reduction is 0.27 to 0.90). 
_. Ithas been claimed that 6-blocking agents with intrin- 
sic sympathomimetic activity (ISA) are less effective, if 
not ineffective, for secondary prevention after MI; data 
from the 2 trials that evaluated such drugs, the European 
Infarction Study’ with oxprenolol and the Australian and 
Swedish Pindolol Study,’ gave negative trends. However, 
overview of previously published trials has substantiat- 
ed sucha claim, which is now less likely, particularly after 
our findings with acebutolol, a 8-blocking drug with mod- 
e ISA. Nevertheless, the daily dosage of drugs used in 
| might have played a role in our results, since a 
her low acebutolol dosage was chosen. Results of a 
al conducted by Collett et al’? indicate that acebutolol 
nears to be 4 to 7 times less potent on a mass basis than 
opranolol on exercise tachycardia in healthy volun- 
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teers . The daily dose of acebutolol that corresponds to the 
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320 mg daily dose of propr: | in the 6-Blocker H. 
Attack Trial?! is at least 1,380 mg. In the APS 
dose of 8-blecking activity was one-third that in the 6- 
Blocker Heart Attack Trial. E SE 





The results of the APSI trial demonstrate that moder- 
ately severe patients following acute MI can benefit from _ 
-blocking treatment. Since acebutolol is a 6 blocker with _ 
mild ISA, this trial refutes the widespread idea that ther- 
apy with a £ blocker with ISA is not suitable for secon- 
dary prevention after acute MI. ON 


CONCLUSION o — 
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Characteristics of Participants at Baseline in the 
Treatment of Mild Hypertension Study (TOMHS) 
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The Treatment of Mild Hypertension Study 
(TOMHS) is a randomized, double-blind clinical trial 
currently being conducted to compare the effects of 
nonpharmacologic therapy alone with those of 1 of 
5 active drug regimens combined with nonpharma- 
cologic therapy, for long-term management of pa- 
tients with mild hypertension. Six classes of drugs 
were studied: (1) acebutolol (8 blocker), (2) amlodi- 
pine (calcium antagonist), (3) chlorthalidone (diu- 
retic), (4) doxazosin (a; antagonist), (5) enalapril 
(angiotensin-converting enzyme inhibitor) and (6) 
placebo. All participants received nutritional-hygi- 
enic advice to reduce weight and sodium and alco- 
hol intakes and to increase physical activity. End 
points include blood pressure change, side effects 
and quality-of-life indices; incidence of electrocar- 
diographic and echocardiographic abnormalities; 
and incidence of cardiovascular clinical events, in- 
cluding death, among participants receiving drugs 
as first-step treatment as well as nonpharmacolo- 
gic treatment compared with incidence among 
those participants randomized to nonpharmacologic 
treatment only as the initial step. 

(Am J Cardiol 1990;66:32C-35C) 
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ild hypertension, defined as diastolic blood pres- 
M= between 90 and 104 mm Hg, is the most 

common form of hypertension in the United 
States and accounts for the majority of excess coronary 
artery disease (CAD) deaths attributable to hyperten- 
sion.! Approximately 40 million Americans have mild 
hypertension, of whom half are being treated pharmaco- 
logically. Epidemiologic data have shown that treatment 
of mild hypertension prevents stroke; an approximately 
40% reduction in stroke events has been achieved.” 
However, the reduction in CAD events has not been as 
great as expected from observational studies. Meta-anal- 
ysis of a number of mild hypertension treatment trials has 
revealed a 14% reduction in CAD, versus a predicted 
reduction of about 20 to 25%. 

The less-than-expected benefit of CAD prevention in 
treating mild hypertension has raised several questions. Is 
there a danger in lowering blood pressure too much? Do 
the biochemical changes often caused by diuretics (low 
serum potassium, increased uric acid, increased lipids) 
pose a greater risk than does mild hypertension left un- 
treated? Should nonpharmacologic therapy play a larger 
role? If so, who should rely on nonpharmacologic thera- 
py, and for how long?‘ Since data from long-term inter- 
vention trials showed reduced morbidity and mortality 
with use of either diuretics or 8 blockers, what role do 
other classes of antihypertensive agents, such as a 
blockers, angiotensin-converting enzyme (ACE) inhibi- 
tors and calcium channel blockers, play in preventing 
morbidity and mortality independent of blood pressure 
change? Specifically, at what stage in the therapeutic 
armamentarium should these agents be introduced? The 
Treatment of Mild Hypertension Study (TOMHS) was 
designed to answer some of these questions. 


PATIENTS AND METHODS 

Study design: TOMHS is a randomized, double-blind 
clinical trial currently being conducted in 4 centers in the 
United States. All participants in the trial receive nutri- 
tional-hygienic advice aimed at reducing weight with a 
low-fat diet, lowered dietary sodium and alcohol intakes 
and increased leisure-time physical activity. In addition, 
participants are randomized to receive 1 of 5 antihyper- 
tensive drugs or placebo. Specific aims are to compare (1) 
blood pressure lowering, side effects and quality-of-life 
indices among men and women with mild hypertension 
receiving nutritional-hygienic treatment plus 1 of 5 active 
drug treatments or placebo; (2) the incidence of electro- 
cardiographic and echocardiographic abnormalities 








among participants receiving these 6 different treatments 
for mild hypertension; and (3) the incidence of cardiovas- 
cular clinical events, including death, among participants 
receiving drugs as the first-step treatment as well as non- 
pharmacologic treatment with incidence in those patients 
randomized to nonpharmacologic treatment only as the 
initial step. It is planned to follow all participants for a 
minimum of 4 years after randomization. 

Study patients: Men and women between the ages of 
45 and 69 years, not taking antihypertensive medication 
at the first of 3 eligibility visits prior to randomization, 
were included if diastolic blood pressure was 90 to 99 mm 
Hg at the first 2 eligibility visits and averaged 90 to 99 
mm Hg over 3 eligibility visits.' Participants already tak- 
ing antihypertensive drugs at the first eligibility visit were 
potentially eligible if they were prescribed only 1 type of 
agent and if, after drug withdrawal, their diastolic blood 
pressure averaged 85 to 99 mm Hg at 3 eligibility visits. 
Participants with evidence of cardiovascular disease or 
life-threatening illness or who were unable to make nutri- 
tional changes were excluded. 

Randomization was to 1 of 6 groups, all receiving 
nutritional-hygienic treatment: (1) acebutolol, a 6\-car- 
dioselective blocker with intrinsic sympathomimetic ac- 
tivity (400 mg/day); (2) amlodipine, a calcium antago- 
nist (5 mg/day); (3) chlorthalidone, a diuretic (15 mg/ 
day); (4) doxazosin, an a, antagonist (2 mg/day follow- 
ing 1 mg/day for 1 month); (5) enalapril, an ACE inhibi- 
tor (5 mg/day); and (6) placebo. Randomization oc- 
curred at the end of the third eligibility visit after comple- 
tion of written informed consent for eligible participants. 

Measurements: Blood pressure was measured with a 
Hawksley random-0 sphygmomanometer on the right 
arm with the participant seated. Prior to blood pressure 
measurement, the participant rested for 5 minutes, and 
pulse and room temperature were recorded. Blood pres- 
sure observers were trained, certified and monitored us- 
ing previously described methods.> 

Sodium intake was monitored based on 2 consecutive 
overnight urine collections (adjusted to 8 hours) every 6 
months. Urine was analyzed for potassium and creati- 
nine, as well as sodium. Sodium intake was also assessed 
based on food records. Records were edited at each of the 
4 clinical centers by a trained nutritionist and then sent to 
the University of Minnesota Nutrition Coordinating 
Center for coding, entry and nutrient analysis.° 

Participants were weighed without shoes on balanced 
scales, collaborated on a weekly basis with use of a stan- 
dard 50-pound weight. Baseline weight was the average 
of measurements taken at the second and third eligibility 
visits. Physical activity was assessed from daily diaries. 
Participants recorded type, frequency and duration of 
activity. This information was then converted into “physi- 
cal activity points.” Each point was calculated to be com- 
parable to 4 kilocalories of energy expenditure. 

Blood chemistries, including fasting blood lipids, were 
determined prior to randomization; repeat analyses are 
being done at regular intervals during follow-up.' Plasma 
total cholesterol, high-density lipoprotein cholesterol and 
triglycerides were measured directly. Very low-density 
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TABLE I Selected Baseline Characteristics of 902 TOHMS 
Randomized Participants 


Standard 
Baseline Characteristics Mean Deviation 


Not prescribed antihypertensive medication 39.1 
at entry (%) 

Age (years) 54.8 

Gender (% male) 61.8 

Race (% black) 19.6 

Weight (Ibs) 187.4 

Body mass index (kg/m?) 28.9 

Overnight urinary sodium excretion (mEq/8 h) 53.6 

Alcohol use (%) 

Drinks /wk for alcohol drinkers 

Plasma cholesterol (mg/dl) 

Cigarette smokers (%) 





TABLE Il Average Level of Systolic and Diastolic Blood 
Pressures at Each Eligibility Visit According to Use of 
Antihypertensive Medication at the Initial Eligibility Visit 


Not 

Taking Anti- 

hypertensive Taking Anti- 

Medication hypertensive 

at Visits Medication at 

lto3 Visit 1 Total 

(n = 353) (n = 549) (n = 902) 





Mean SD Mean SD Mean SD 


Systolic blood pressure 
(mm Hg) 
Visit 1 
Visit 2 
Visit 3 
Average visits 2 and 3 
Diastolic blood pressure 
(mm Hg) 
Visit 1 
Visit 2 
Visit 3 
Average visits 2 and 3 


Oe cy Ate rahe Ee 


t 
aiid 


* Participant taking antihypertensive medication. 
t Participant not taking antihypertensive medication. 









TABLE Ill Selected Baseline Characteristics of Randomized 
TOMHS Participants According to Use of Antihypertensive 
Medication at the Initial Visit 











Not 







Taking Anti- Taking Anti- 
hypertensive hypertensive 
Medication Medication 






(n = 353) (n = 549) 









Baseline Characteristics Mean 


Age (years) i ; 
Gender (% male) 66.0 59.0 — 
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Race (% black) 21.2 — 18.6 — 

Body mass index (kg/m?) 28.7 3:5 29.0 3.6 

Overnight urinary sodium 53.1 25.8 54.0 29.3 
excretion (mEq/8 h) 

Alcohol use (%) 70.9 — 73.8 = 

Drinks /wk for alcohol drinkers 5.4 5.2 47 48 





Plasma cholesterol (mg/dl) 230.7 38.3 226.7 
Cigarette smokers (%) 
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nes IV Selected Baseline Characteristics of TOMHS 
domized Participants by Race and Gender 


































































White Black White Black 

A Women Women Men Men 
i _ Baseline Characteristics (n= 233) (n=112) (n=492) (n=65) 
| Age (years) 55.0 53.7 55.0 54.0 
| Weight (Ibs) 163.2 175.6 200.3 296.2 

| Body mass index(kg/m?) 28.1 29.8 29.1 28.3 
| Overnight urinary sodium 43.9 52.8 57.8 57.9 

excretion (mEq/8 h) 

| Alcohol use (%) 72.3 58.2 77.2 64.1 
| Drinks/wk for alcohol 3.6 3.0 5.7 6.8 
|oo drinkers 
| Pem cholesterol 234.9 231.5 224.3 228.5 
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blood pressure 141.7 141.2 140.1 136.4 


m Hg) 






90.0 90.5 90.8 90.6 








ipoprotein cholesterol was approximated as triglycerides 
vided by 5, and low-density lipoprotein cholesterol was 
then determined by subtraction.’ 

Resting and 24-hour ambulatory electrocardiograms 
d echocardiograms were also obtained prior to ran- 
domization and are being recorded annually. 

ce Data analysis: Analysis of variance and covariance 
was used to summarize baseline differences among ran- 
mized participants according to race-gender and to 
_ antihypertensive medication status at the initial eli gibility 
visit. The chi-square test was used for comparisons of 
categorial variables.’ As a result of randomization, par- 
-ticipants in the 6 treatment groups were similar at base- 
line. 


RESULTS 
Recruitment of participants: The 4 participating clin- 
_ ical centers screened 11,914 men and women for entry 
-into the study. Of these, 6,703 were taking antihyperten- 
“give medication at the initial eligibility visit and 5,211 
_ were prescribed medication. A total of 902 participants 
were eventually randomized. 

"Characteristics of all randomized participants: Table 
_ 1 summarizes selected characteristics of randomized par- 
ticipants. Of the 902 randomized participants, 353 (39%) 
-were not taking antihypertensive medication at the first 
— eligibility visit. The average age was 55 years, and 62% of 
participants were men and 20% were black. Most partici- 
e overweight (mean body mass index = 28.9 
), had high-average sodium excretion (mean 53.6 
/8 h), and were moderate alcohol drinkers. Total 
ma cholesterol level averaged 228 mg/dl; 11% of 
icipants reported smoking cigarettes. 
‘able 2 summarizes systolic and diastolic blood pres- 
_sure levels for randomized participants according to use 
of o imperiene medication at the initial eligibility 
_ visit. As a result of the blood pressure eligibility criteria 
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ed i blood F pressure © on 3 occasions. Blood} press 
participants not taking antihypertensive medication at 
the initial visit averaged 141.4/92.1 mm Hg over the last 
2 eligibility visits. Among participants taking antihyper | 
tensive medication at the initial visit, blood pressure in 
creased (by approximately 7 mm Hg for systolic and 5 
mm Hg for diastolic) following withdrawal of drugs 
Blood pressure at visits 2 and 3 averaged 139.7/89.6 mm _ 
Hg. For both stratum combined, baseline systolic an 
diastolic blood pressures averaged 140.4 and 90.5 mm 
Hg, respectively. ee 

Table 3 summarizes other baseline characteristi 
participants according to their use of antihypert sive. 
medication at the initial eligibility visit. Except for gen- 
der, demographic and other characteristics were similar 
for these 2 groups of participants. Of participants not < 
taking antihypertensive medication at the initial eligibili- 
ty visit, 66% were men compared with 59% among partic: 
ipants taking medication. 9 

Table 4 characterizes randomized participants ace 
cording to race and gender. Average age was similar for 
these 4 groups. Black women were significantly heavier 
(175.6 pounds) than white women (163.2 pounds), bi 
black and white men had similar weights and body mass 
index. Urinary sodium excretion was significantly. lov 
among white women (43.9 mEq/8 h) compared with tł 
other 3 race-gender groups. White participants reporte 
more alcohol consumption than blacks; among reported | 
drinkers, men reported drinking more than women (ap- 
proximately 6 drinks/week compared with 3 drinks 
week). 

Cholesterol and smoking levels also varied a 
to race and gender. White men had significant 
plasma cholesterol levels (224 mg/dl) compared with Se 
other race-gender groups (233 mg/dl for average of other 
groups). More blacks than whites reported smoking ciga- 
rettes (20.5% versus 8.6% for women and 32. 3% versus 
7.0% for men). : 

As noted previously, more women than m 
taking antihypertensive drugs at the initial eligibilit 
this was true for both blacks and whites. More whit 
than blacks were prescribed antihypertensive drugs. 
stolic blood pressure levels at baseline were similar for 
4 race-gender groups; however, baseline systolic blood 
pressure was lower for black men (136 mm Hg) than for 
other race-gender groups (average, 141 mm Hehe 

























































DISCUSSION He 
In 1988, the Joint National Committee recommended 
expansion of the number of antihypertensive drugs. fo 
initial use in stepped-care treatment. The 1988 Joint 
tional Committee also recommended nonpharmacologic 
treatment prior to pharmacologic treatment for patients 
with diastolic blood pressure between 85 and 99mm Hg > 
and as an adjunct to drug treatment for those with higher o 
levels of diastolic blood pressure. 2 a 
TOMHS is the first major randomized clipicat trial to eS 
evaluate a multifactor nutritional approach (wei sht. E 
um and alcohol intakes) as the initial step for 
mild 14 hypertension, ki is also the first clinica al tria 











of which are recommended by the Joint National 
mmittee). Each drug is given in low doses and with 
meurrent nutritional-hygienic advice. The focus of 
OMHS is on mild hypertension because (1) tens of 
millions of persons are affected'; (2) such persons are at 
increased risk of CAD, as recently underscored by the 
long-term follow-up of the 361,662 men screened in the 
Multiple Risk Factor Intervention Trial! and a recent 
meta-analysis of observational studies”; and (3) the opti- 
mal treatment approach i is unclear, since reductions in 
AD mortality rates in clinical trials have been less than 
cted based on the observational data. 

ording to the 1988 Joint National Committee 
l elines, all of the 353 participants who were not taking 
antihypertensive medications at the initial eligibility visit 
qualify for nonpharmacologic therapy, and 89% of them 
so qualify for initial drug treatment (20% of patients 
ad diastolic blood pressure 295 mm Hg and 69% had an 
erage diastolic blood pressure in the range of 90 to 94 
mm Hg, as well as other risk factors, such as plasma 
holesterol level =240 mg/dl, history of cigarette smok- 
male gender, or all 3). The 549 participants taking 
antihypertensive medication at the initial eligibility visit 
previously had been determined by their usual source of 
edical care to require treatment. The median duration 
tment at baseline for these participants was 5 
Thus, the participants enrolled in TOMHS have 
cteristics that are particularly relevant to the guide- 
of the Joint National Committee. 
































east 2 years. Initial analyses have focused on blood 
ure, side effects and quality-of-life differences 
mg the treatment groups. Analyses comparing inci- 
f echocardiographic and electrocardiographic ab- 













normalities are in progress. With the 2 additiona 
follow-up planned, there will be increased power 
comparison of all active drug groups combined with the 
placebo group (nutritional-hygienic treatment alone) fo 
cardiovascular clinical events. These, along with certair 
subgroup comparisons, such as black versus whites fo 
blood pressure control using different treatments, w 
provide a more valid basis for future treatment guid 
lines. 
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Arterial Protection: A Neglected but Crucial 
Therapeutic Goal 


Norman M. Kaplan, MD 


Hypertension is accompanied by 2 major types of 
arterial pathologic conditions: smooth muscle hy- 
pertrophy of arteriolar resistance vessels and ath- 
erosclerosis, primarily involving the larger arteries. 
Smooth muscle hypertrophy may develop either as 
a secondary defense against elevated intravascular 
pressure or as a primary defect responsible for the 
increased pressure. Insulin and a number of other 
trophic stimuli may play a pathogenetic role in vas- 
cular hypertrophy. Reducing blood pressure and 
trophic stimuli may cause hypertrophy to be re- 
versed. Because atherosclerosis may be markedly 
accelerated by hypertension, especially in the pres- 
ence of concomitant risk factors, such as hypercho- 
lesterolemia, cigarette smoking and diabetes melli- 
tus, antihypertensive treatment may attenuate or 
even reverse the extent of atherosclerosis, but only 
when the causative factors are also corrected. 
Some commonly used antihypertensive agents, e.g., 
diuretics and £ blockers without intrinsic sympatho- 
mimetic activity, often aggravate hypercholesterol- 
emia and glucose intolerance, thereby diminishing 
their potential protective value. Other types of drug 
therapy, such as a blockers, 8 blockers with intrin- 
sic sympathomimetic activity or other vasodilator 
activity, angiotensin-converting enzyme inhibitors 
and calcium entry blockers that may not induce bio- 
chemical changes, should provide better control of 
multiple risks and thereby better protection against 
atherosclerosis. With a better understanding of 
how hypertension induces arterial damage, clini- 
cians will be able to provide more appropriate 
treatment and, it is hoped, alleviate such damage. 
(Am J Cardiol 1990;66:36C-—38C) 
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vascular protection have been coronary events 

and strokes.!~4 Specifically, these trials were designed 
to assess the value of various types of antihypertensive 
therapies in reducing the incidence of myocardial infarc- 
tion and stroke, or both. Because of this focus, little, if 
any, effort was made to evaluate arterial changes or the 
effects of antihypertensive drugs on the arterial wall. 
Only major target organ damage that results from arteri- 
al damage was quantified, in part because it was easy to 
recognize. 

Traditionally, the arteries have been viewed as simple, 
passive conduits of blood to the tissues, but clinicians 
today recognize that the arteries are complex, active par- 
ticipants in cardiovascular function. Both the endotheli- 
um and the vascular smooth muscle cells produce and 
secrete various autocrine substances (i.e., acting within 
the cell of origin) and paracrine substances (i.e., acting 
within adjacent cells). These substances have profound 
effects on arterial function and structure.>° In addition, 
these cells respond to and likely secrete endocrine signals 
that spread their influence and reactivity further. 

This article reviews some of the recent findings re- 
garding endothelial and smooth muscle cell functions and 
how they may be altered in hypertension. An analysis of 
the structural changes that are seen in hypertension will 
follow, with a reminder that it is not yet known whether 
all of the structural changes are secondary to functional 
alterations, or whether they represent primary alterations 
that lead to hypertension. Last, the small amount of di- 
rect evidence available regarding the effects of various 
antihypertensive agents on the arteries will be reviewed. 


I: hypertension trials, the major end points of cardio- 


ENDOTHELIAL CELL 

The vascular endothelium, which envelops the circu- 
lating blood in a continuous monolayer, performs various 
functions to maintain the fluidity of the blood and the 
patency of the blood vessels.’ These functions involve 
interactions with circulating vasoactive substances, in- 
cluding angiotensin, bradykinin, acetylcholine, adenosine 
and thrombin (Fig. 1). In addition, the endothelium syn- 
thesizes a large number of active substances including 
interleukin-1, tissue plasminogen activator, various 
growth-promoting factors and vasoactive factors includ- 
ing prostacyclin, endothelium-derived relaxing factors 
(EDRF) and at least 2 endothelium-derived constricting 
factors. One of these, endothelin, has recently been identi- 
fied and characterized.’ Many of the circulating sub- 
stances may mediate their vasoactivity through EDRF 
(Fig. 1). One of these evanescent relaxing factors appears 
to be nitric oxide, the same substance that is released 





TABLE I Effects of Hypertension on Morphology of 
Endothelium 


Increased permeability to high molecular weight substances 

Increased permeability to mitogenic and vasoactive blood-borne sub- 
stances 

Increased endothelial cell size and volume 

Increase in the number of homocellular tight junctions 

Disruption of gap junction morphology 

Accelerated rate of replication of endothelium during the initial phase 


Adapted from Am J Cardiol.” 


TABLE Ill Autocrine and Paracrine Influences on Blood 
Vessels 


Vasoactive agents 
Angiotensin 
Serotonin 
Bradykinin 
Prostaglandins 
Vasopressin 
Norepinephrine 
Insulin 

Growth-regulating factors 
Autocrine 
PDGF 
IGF-1 
Heparin 

Paracrine 
PDGF 
Monocyte-derived growth factor 
Endothelium-derived growth factor 
Heparin 
IGF-1 
TGF-8 
Epidermal growth factor 
Prostaglandins 

Oncogenes 

IGF-1 = insulin-like growth factor; PDGF = platelet-derived growth factor; TGF-8 = 8- 


transforming growth factor. 
Adapted from Am J Cardiol.® 


from vasodilator nitrate drugs such as nitroprusside and 
glyceryl trinitrate.? As has been recently summarized,!° 
EDRF and endothelin may modulate and stabilize vaso- 
motor tone while preserving flexibility in its dynamic 
control. 

A number of morphologic changes within the endo- 
thelium occur after the induction of hypertension (Table 
I).'' These changes can activate a variety of autocrine 
and paracrine influences, both on vascular reactivity (Ta- 
ble II) and on the growth of the media of the blood vessel 
(Table III). Many of these changes are associated with 
both hypertension and atherosclerosis. !? 


SMOOTH MUSCLE CELL 

The persistence of hypertension, in whatever manner 
it arises, is related to medial thickening. This is induced 
by both hypertrophy and hyperplasia of the smooth mus- 
cle cells within the media.'? In keeping with the concept 
first proposed by Folkow,'? various stimuli, which initial- 
ly increase pressure, produce small structural alterations 
in the resistance vessels. These structural alterations are 
amplified and accentuated by an increasingly large num- 
ber of substances that act to cause smooth muscle cell 
growth (Table III). Obviously, the roles of the multiple 








TABLE Il Paracrine and Autocrine Influences on Vascular 
Reactivity 









Endothelium 
Prostanoids 
Angiotensin 
Endothelium-dependent relaxing factor 
Endothelium-dependent constricting factor 
Bradykinin 
Thrombin 
Smooth muscle cell 
Prostanoids 
Angiotensin 
Platelet-derived growth factor 
Nerve endings 
Norepinephrine 
Neuropeptides 
Blood cells 
Serotonin 
Thromboxane 


Reproduced with permission of Am J Cardiol.® 


trophic influences vary according to the form and stage of 
hypertension. The role played by each and the manner by 
which they are mediated remain unknown but are the 
object of a great deal of current research. 


















EFFECTS OF ANTIHYPERTENSIVE AGENTS 

Little is known about the effect of blood pressure 
reduction on the various functional and structural 
changes in the arteries. Even less is known about the roles 
of individual antihypertensive agents, in part because 
none of the large-scale trials of antihypertensive therapy 
has evaluated the overall effects of antihypertensive 
agents on peripheral arterial disease. Experimental mod- 
els of hypertension have usually shown that reduction of 
blood pressure prevents the development of or regresses 
the extent of structural thickening that is seen in untreat- 
ed hypertension.'* This has been shown with 8 blockers, 
the angiotensin-converting enzyme inhibitor captopril 
and the calcium channel blocker verapamil. However, 
reversal of hypertrophy has not been observed with hy- 
dralazine, perhaps due to reflex increase in sympathetic 
nervous activity. 

In humans, traditional hemodynamic measurements 
of cardiac output and peripheral resistance!> as well as 
measurements of hand blood flow resistance at maximal 
vasodilation'® have been obtained to assess the effects of 
antihypertensive therapy on vascular structure. In 1 
study, Jennings et al!5 reported that near-normal hemo- 
dynamics were restored after 1 year of antihypertensive 
therapy. In another study, Sivertsson and colleagues!® 
concluded that hypertensive vascular changes seem to be 
partly, but not completely, reversible after 5 years of 
blood pressure-lowering therapy. 


FUTURE NEEDS 

Because of the many shared features of the patho- 
physiology of hypertension and atherosclerosis, it seems 
essential to consider a reduction in all of the risk factors 
for the latter when treatment is directed toward the for- 
mer. Atherosclerosis is markedly accelerated by hyper- 
tension, even more so in the presence of concomitant risk 
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‘factors such as hypercholesterolemia, cigarette smoking, 
‘diabetes and upper body obesity. The therapy of hyper- 
tension may attenuate or even reverse the extent of ath- 
-erosclerosis, but only if it is accompanied by correction 
ind inhibition of the other causative factors. 
In the past, some commonly used antihypertensive 
medications, such as diuretics and 8 blockers without 
intrinsic sympathomimetic activity often aggravated hy- 
percholesterolemia and glucose intolerance, thereby di- 
minishing their potential value. Today, the use of other 
antihypertensive agents that may not induce biochemical 
changes should provide better control of multiple risks 
and thereby better protection against atherosclerosis. 
These include the use of 8 blockers with intrinsic sympa- 
_ thomimetic activity, such as acebutolol, œ blockers, an- 
-_giotensin-converting enzyme inhibitors and calcium entry 
blockers!” 


CONCLUSION 
-= Recent concerns about the safety of specific antihy- 
; pertensive agents has led to increased interest in antihy- 
- pertensive treatment that may prevent coronary and car- 
diovascular disease. With a better understanding of how 
ypertension induces arterial damage, it is hoped that 
clinicians will be able to provide more appropriate treat- 
ment of hypertension and alleviate such damage. 
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\ can may induce early alterations in large 


arteries by 2 mechanical stresses: one related to in- 
travascular pressure, the other to blood flow dy- 
namics. Distending pressure force acts in a circum- 
ial direction, inducing decreased arterial dis- 
tensibility. Arterial distensibility can be evaluated 
humans by measurement of arterial compliance 
| pulse-wave velocity. It is well established that 
chronic hypertension age and elevated pressure 
together to increase arterial rigidity. Blood flow 
dynamics induce frictional forces in the endothelial 
surfaces of arteries. These forces, expressed by 
shear stress, are proportional to the viscosity of the 






















that successfully reduces blood pressure 

not necessarily improve arterial compliance. 

contrast, few data are available on the effects of 

nypertensive medication on arterial wall shear 

humans. Arterial compliance and wall shear 

re 2 main therapeutic targets of potential 

tance in the physiopharmacologic approach 

he effects of hypertension on atherogenesis. 
(Am J Cardiol 1990;66:39C-—42C) 
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ypertension may induce early alterations in- 
Hee arteries by 2 mechanical stresses: one relat- 

ed to intravascular pressure, the other to blood 
flow dynamics, Distending pressure force acts in a circum- 
ferential direction, inducing decreased arterial distensi-~ 
bility, which can be evaluated in humans by measure- ` 
ment of arterial compliance and pulse-wave velocity.! . 
Blood flow dynamics induce frictional forces in the endo- 
thelial surfaces of arteries.” The forces, expressed by 
shear stress, are proportional to the viscosity of blood and 
to the velocity gradient at the wall. Measurement of blood |. 
viscosity and evaluation of velocity profile in the brachial- 
arteries of subjects with hypertension have shown a re-: 
duction in wall shear rate and stress despite the elevation: 
in blood viscosity.*4 Such abnormalities merit attention — 
because of the potential role of low shear in cholesterol 
transport and genesis of atherosclerotic plaque.® This 
article summarizes some of the attempts to evaluate arte- : 
rial compliance and shear stress in the physiopharmaco- 
logic approach to the effects of hypertension on blood 
vessels in humans. 


MECHANICAL STRESS RELATED TO 
INTRAVASCULAR PRESSURE 
Intraluminal pressure is the result of both compress- 
ing and distending forces, which act in opposition to gen- 
erate arterial wall tension. In general, compressing forces 
decrease the radius of a vessel, while distending forces 
tend to increase the circumference of a vessel. The pri- 
mary effect of distending pressure on arteries is the modi- © 
fication of arterial caliber, which increases when blood — 
pressure increases as a consequence of the distensibility of 
the arterial walls. This phenomenon partly explains the 
increase in diameter of a large artery such as the brachial 
artery observed in patients with hypertension.’ Since the 
circumferential tension is proportional to the product of 
arterial diameter and arterial pressure, the increase in 
arterial diameter resulting from elevated blood pressure _ 
acts in concurrence with the increase in arterial pressure 
and multiplies the effect of blood pressure on arterial wall. 
tension. Furthermore, the complex effect of distending _ 
pressure on the diameter of arteries is nonlinear, because 
it is governed by the biphasic elastic composition of arte- 
rial walls.” At low and normal pressure ranges, only elas- 
tin is stretched, resulting in high distensibility of the arte- 
rial wall, while at higher pressures, collagen fibers are 
drawn taught, and distensibility decreases logarithmica!- 
ly as the effective rigidity increases.* The first obligatory 
mechanism that contributes to high arterial rigidity in the 


NAL OF CARDIOLOGY SEPTEMBER 25, 1990 
















__ This occurs because of the biphasic organization of the 
arterial walls into bioelastomers.* 

In chronic hemodynamic conditions, the mechanical 
effect of blood pressure elevation is influenced both by 
_ age and arterial atheroma. Aging and, similarly, blood 


- pressure elevation increase arterial stiffness by increasing 


_ the collagen to elastin ratio inside the arterial walls.” 
- Other factors may decrease arterial compliance in the 
_ hypertensive state, such as functional influences on neu- 
- rohormonal factors that act on arterial smooth muscle, 
i structural alteration of the arterial walls, or both.!-!0'!? 
Whatever its mechanisms, high arterial rigidity that oc- 
curs during hypertension impairs the buffering function 
of the arterial tree to the pulsatility of the heart and 
_ accordingly increases pressure pulsatility.'3 Increased 
_ pulsatility of cyclic arterial wall stress may represent a 
_ major cause of fatigue of arterial bioelastomers. 


_ MECHANICAL STRESS RELATED 
_ TO BLOOD FLOW DYNAMICS 
: Wall shear stress represents the frictional force ap- 
-plied by the circulating blood column on the intimal sur- 
face of arteries. This force is transmitted to the endotheli- 
um and tends to displace the endothelial cells in the 
` direction of blood flow. Wall shear is the product of blood 
_ viscosity and the velocity gradient at the wall. Elevated 
blood viscosity in the hypertensive state is inversely relat- 
-ed to shear rate.'* In addition, the degree of elevation of 
-blood viscosity can be correlated with both systolic and 
diastolic blood pressure levels. Both the hematocrit level 
‘and the fibrinogen concentration contribute to the ob- 


served increased blood viscosity.'?-!* Wall shear rate, or 


the velocity gradient at the endothelium, represents the 


“ratio between the blood velocity in the vicinity of the 


endothelium and its distance from the endothelium. This 
~~ ratio is also the slope of the velocity profile at the arterial 
‘wall? In Poiseuille conditions of flow, which can be ap- 
_ plied to the mean component of pulsatile flow and maxi- 
- mum pulsatile flow (peak systolic flow),* the velocity 
profile in a straight large artery (e.g., the brachial artery) 
-is parabolic and determined by 2 primary measurements: 
arterial diameter and blood velocity in the center line of 
the artery? 
He A complex model such as the Womersley model has 
-a been used to study the effect of the oscillating shear 
_ phenomenon on the endothelium surface.* With use of 
pulsed Doppler velocimeter with a micrometric probe 
__. displacement providing instantaneous real-time velocity 
_ profiles, it was shown that in the brachial artery, steady 


and oscillating shear rates were lower in patients with 


hypertension than in normotensive subjects.>4 In addi- 
tion, despite higher blood viscosity, wall shear stress de- 
- ereased in the brachial artery of patients with hyperten- 
gion as a consequence of the marked reduction in wall 


shear rate.34 The low shear conditions observed in the 


brachial artery, taken as an in vivo model of a peripheral 


-large artery, might modify the residence time and rate of 
-<= transport of macromolecules across the arterial wall, and 
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se, stretches arterial walls, thereby stiffening the arteries. the functienal or structural status of the endothelial cell, 


or both, thus contributing to the atherogenic process in 
arteries.° However, further investigation evaluating wall 
shear conditions during the cardiac cycle and at various 
sites on the arterial tree, particularly those exposed to : 
high risk of atherosclerotic lesions, is required for a mor 
complete assessment of the influence of hypertension on : 
the endothelium-blood interface. SER, 


MECHANICAL FACTORS AND 
ANTIHYPERTENSIVE MEDICATION è = 
Arterial compliance: The effects of antihypertensive 
drugs on the distensible properties of large arteries in 
humans with hypertension vary greatly from drug to drug 


and are unrelated to the magnitude of blood pressure = | 


reduction.'5 Improved arterial compliance was reported 


after the chronic administration of acebutolol, isosorbide on 


dinitrate, captopril, nicardipine and nitrendipine at doses 
that caused similar reductions in blood pressure. In con- 
trast, urapidil, hydralazine and cadralazine did not affect 
arterial compliance, which remained below normal val- 
ues.!5 This short-term drug-induced modification in the 
elastic properties of large arteries also has been observe 
during long-term therapy. Acebutolol,'® carteolol,!’ ena 
april!’ and nicardipine’? have been reported to improv 
forearm arterial compliance during long-term there 
whereas atenolol,'’ clonidine? and propranolol!® have. 
not. ; 
Wall shear stress: Few data are available on the ef- 
fect of antihypertensive medication on the wall shear 
phenomenon in humans. A recent 3-month, double-blind 
study?! was designed to test the in vivo participation 
shear stress in the brachial circulation of patients with 
hypertension. Two 6-blocking drugs, atenolol, a selective 
8-adrenergic agonist, and carteolol, a nonselective B-ad- 
renergic antagonist, were reported to have opposite ef- 
fects on these parameters. During exclusion of the hand 
when the brachial circulation is predominantly a volun- 
tary, muscular circulatory bed, atenolol significantly de- 
creased bleod velocity and blood flow and increased vas- 
cular resistance, whereas carteolol tended to increase 
blood velocity and flow and significantly decreased vascu- 
lar resistance.'? Blood velocity and flow were higher and 
vascular resistance lower with carteolol than with ateno- 
lol, indicating a relative vasodilation of the forearm small _ 
arteries with carteolol, compared with atenolol,!” More- 
over, shear rate and stress were significantly higher after 
carteolol than after atenolol, although both were associ- — 
ated with similar changes in blood viscosity.! The differ- 
ences between the 2 6-blocking drugs may modify the: 
physiological response of endothelial cells to flow, consti- 
tuting one of the endothelium-mediated mechanisms that 
may explain the different vasoactive responses. of the 2o 
drugs. GE k 
Similar rheologic benefits have been observed with . 
acebutolol. Ten previously untreated ambulatory hyper- 
tensive patients received acebutolol therapy for 3 months 
at an average daily dose of 489 + 59 mg after a 1-month © 
placebo period. Compared with the placebo baseline peri- 

















xd, acebutolol significantly decreased systolic and diastol- 
: blood pressure (p <0.01), perhaps due to arteriolar 
dilatation as indicated by the decrease in forearm vascu- 
ar resistance (p <0.05). Large artery distensibility was 
improved, as shown by the decrease in the brachial to 
radial pulse-wave velocity (strain gauge mechanogra- 
hy!) and the increase in forearm arterial compliance 
Ised Doppler'>) observed after acebutolol therapy. 
cebutolol did not induce any change in blood viscosity at 
ear rate of 96 s~! (coaxial cylinder viscosimeter'’). 
Wall shear rate and stress increased, but this was insignif- 
- icant. A positive correlation between pulse-wave velocity 
and shear rate and stress was observed both before and 
acebutolol treatment (Fig. 1), suggesting that shear- 
rces transmitted to the endothelial cells may partici- 
pate in changes in vascular tone of the large arteries. This 
; in agreement with evidence that suggests that shear 
tress ‘may modulate the release of endothelium-derived 


axing factors or down-regulate the preproendothelin 
e? 



















Arterial compliance, as an assessment of the elastic 
roperties of large arteries, and wall shear stress, which 
iluates the frictional forces at the blood-endothelium 
nterface, are 2 vascular targets for the physiopharmaco- 
logic approach to the treatment of hypertension. Im- 
ed arterial compliance has been found with both 
ort- and long-term use of acebutolol, nicardipine and 
iotensin-converting enzyme inhibitors, but not with 
nolol, clonidine or propanolol. In addition, opposite 
‘ects on wall shear stress have been reported in studies 
sing carteolol and atenolol. Shear rate and stress were 
ficantly higher after carteolol than after atenolol, 
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although both were associated with similar increases i 
blood viscosity. Therapy with acebutolol did not signifi- 
cantly increase wall shear rate or stress, nor did it increase 
blood viscosity. In conclusion, understanding the role of 
mechanical stresses in atherogenesis may result in more 
targeted prevention strategies to be applied in the treat 


ment of hypertension. 
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: technique of automated ambulatory blood 

. pressure (BP) monitoring offers an innovative 

. means for measuring BP throughout the 24-hour 

period. Recently available compact monitoring in- 

struments have been shown to be accurate and to 

ide reproducible measurements of the circadi- 

BP pattern. The monitoring procedure is advan- 

geous in that it minimizes or avoids placebo ef- 

fects during therapeutic trials. Moreover, its power 

_makes it possible to draw statistically valid conclu- 

_ sions regarding efficacy in fewer patients than 

_ would be required if conventional methods were 

_ used. This procedure also enhances the diagnosis 

of hypertension by identifying patients with “of- 

_ fice” or “white coat” hypertension, and thereby fa- 
cilitates assessment of treatment effects in those 

patients who are truly hypertensive. Automated 

monitoring measures BP at critical times of the 

including the preawakening and early morning 

s, and it enables peak and trough antihyper- 

ve drug effects to be carefully quantified. Since 

nt compliance appears to be enhanced with 

~ or twice-daily dosing, antihypertensive 

ts with long durations of action (24 hours) are 

msiderable interest. This report reviews some 

it studies in which the monitoring technique 

s been used to measure the efficacy and duration 
of action of differing antihypertensive drugs. 

ce (Am J Cardiol 1990;66:43C-48C) 
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widely treated with antihypertensive drugs. There _ 

are several classes of agents with well-established 
blood pressure (BP)-lowering efficacy, and it is usually” 
possible to select a drug that is effective and well tolerated 
for each patient. One of the major challenges in therapy is 
to maintain patient adherence to the treatment regimen 
on a long-term basis. Because hypertension is an asymp- 
tomatic condition, compliance with treatment requires 
strong motivation on the patient’s part. Moreover, treat- 
ment should be simple and convenient, and there has been 
a growing interest by physicians in using drugs that are 
effective when administered just once or twice daily. Pa- 
tients are more likely to adhere to their prescribed treat- 
ment if this type of simple regimen is prescribed; despite 
the enthusiasm of patients and physicians for drugs with 
relatively long durations of actions, there are concerns 
that some of these agents may not provide adequate BP 
control throughout the full 24-hour day.! : 


Pes with mild to moderate hypertension are 


AMBULATORY BLOOD PRESSURE 
MONITORING TECHNIQUE 

The availability of instruments that automatically 
measure BP levels throughout the day in patients under- 
taking their customary activities has enabled us to docu- 
ment the effects of antihypertensive agents. Because this 
methodology is still fairly new, it is helpful to consider 
briefly its chief characteristics. The modern ambulato 
BP monitors are small, portable devices that use noninv. 
sive cuff techniques to obtain repetitive BP measure- 
ments throughout a 24-hour period. Typically, these in- 
struments perform their measurements at 15-minute in- 
tervals. There are 2 separate methods used by the modern 
monitoring devices: auscultatory and oscillometric. The 
auscultatory method employs a microphone or transduc- 
er positioned beneath the cuff that determines BP by 
listening for the Korotkoff sounds. Chest leads are used to 
obtain electrocardiographic R-wave gating for discrimi- 
nating the true Korotkoff sounds. The oscillometric 
method depends on direct palpation of fluctuations within 
the brachial artery itself. : 

Although these approaches appear to be equally satis- 
factory, some investigators have demonstrated discrepan- 
cies between simultaneously obtained intraarterial and 
noninvasive methods.? Thus, reservations have been ex- 
pressed about the validity and accuracy of the ausculta 
tory and oscillometric noninvasive methods. But scrutin: 
of these data suggests that although there may be diffe 
ences between intraarterial and noninvasive reading 
these differences appear to be reasonably consistent 





ay actually be more relevant to compare BP 
the portable instruments with those p 
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ed by the conventional mercury sphygmomanometer, for 
this standard instrument used in the office or clinic has 
been the basis for almost all major studies of clinical 
hypertension. Correlations between BP levels measured 
by auscultatory or oscillometric devices and those ob- 
ined with the mercury sphygmomanometer are shown 
Figure 1.4 These correlations are strong and provide 
fidence that the BP measured by the portable devices 
re a good reflection of conventionally measured values. 


PHYSIOLOGIC APPLICATIONS 
OF MONITORING 
Ambulatory BP monitoring units can be used either 
_ for diagnostic purposes or for evaluating the effectiveness 
_ of antihypertensive therapy. For both of these indications, 
however, it is important to justify the physiologic validity 
__ of the monitoring procedures. Studies of the clinical rele- 
-vance of this technique have focused on 3 characteristics 
of the whole-day BP: its reproducibility, its ability to 
_ describe a circadian pattern and its relation to underlying 
_ cardiovascular status. The reproducibility of the 24-hour 
-BP has been verified in studies using either intraarterial 
or noninvasive monitoring.*° The actual circadian pat- 
tern of the BP, including the differences between daytime 
nd nighttime values, appears to be highly reproducible 
and independent of the actual BP values themselves.® The 
24-hour patterns of BP shown in Figure 2 were obtained 
normal volunteers undergoing their routine daily activ- 
ties. It is evident that the BP patterns during 24-hour 
_ monitoring periods separated by several weeks are super- 
imposable.° This has particular relevance to studies of 
intihypertensive therapy. for it helps explain the absence 
-ofa placebo effect and thereby adds power to this method 
for discriminating the significance of even relatively mod- 
-est treatment-induced changes in BP. 




















The characteristic pattern of BP describes a plateau. _ 
- during the daytime hours, followed by a decline to nadir ge ; 
< values around midnight. The sharp early morning in- howe duration 
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continues through to the early to midmorning hours 
interest. These morning BP changes probably reflect 
parallel inerease in sympathetic nervous system acti 
that is associated with the arousal process.” Increasin 
attention is being paid to these morning BP peaks, for 
has been shown that a relatively large proportion of such 
major events as myocardial infarctions and strokes occur 
during this period.*° Studies with ambulatory electrocar- 
diogram monitoring also have confirmed the high prev: 
lence of ischemic episodes at this time of day.'? Agai 
this aspect of the 24-hour BP pattern is of potential i 
portance to therapy, because therapeutic control of BP 
during this period of high vulnerability might be a key > 
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FIGURE 2. Systolic blood pressure (SBP) and diastolic blood 






-crease in BP that may criginate before awakening and with 
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perty of antihypertensive therapy directed at prevent- 
g cardiovascular events. 
Finally, the relevance of the whole-day BP has been 
tablished in studies showing that it correlates more 
ely than conventional BP readings with evidence for 
hanges in cardiovascular organs. It has been demon- 
_ strated, for example, that the readings obtained from 
utomated BP monitoring predict echocardiographically 
ired left ventricular muscle mass far more closely 
conventional readings.'®'! Other studies that have 
d on additional evidence for cardiovascular involve- 
including changes in the optic fundi and clinical 
sment of the heart and renal function, also have 
firmed the clinical relevance of ambulatory BP moni- 
2 

EASURING ANTIHYPERTENSIVE EFFECTS 

nlike studies based on conventional office BP mea- 


Clinical 
Values 


24 Hour 
Averages 
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Hypertension 
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surements, evaluations of antihypertensive therapy using | 
ambulatory BP monitoring techniques do not show place 
bo effects.!>!4 The most likely explanation for apparen 
placebo response during standard therapeutic trials is- 
that many participants enter the protocols with a misdi- 
agnosis of hypertension. Some major studies have report- 
ed that the BP of >25% of patients, apparently hyperten- 
sive at baseline, become completely normal while the | 
patient is taking placebo Ton 15 The diagnostic prob- 
lems of “office hypertension” or “white coat hyperten: 
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FIGURE 5. The 24-hour systolic blood pressure (SBP) and _ 


diastolic blood pressure (DBP) values, given as averages for _ 
each of the 12 periods of 2 hours’ duration that comprise the 
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FIGURE 6. The 24-hour systolic blood pressure (SBP) and 
diastolic blood pressure (DBP) values, given as averages for 
each of the 12 periods of 2 hours’ duration that comprise the 
, obtained at baseline (control) and during treatment with 
diltiazem in 9 patients whose hypertension was not confirmed 
i the baseline blood pressure monitoring. (Reproduced with 
permission from JAMA.) 






- sion” have been discussed in detail previously.'*'® Be- 
cause ambulatory BP monitoring accurately portrays the 
_ BP at the time of initial diagnosis and study entry, the 
apparent efficacy of placebo in patients with “white coat 
_ hypertension” is avoided. 

The reproducibility or consistency of the ambulatory 
_ BP technique gives it the power to discriminate relatively 
_ modest changes in BP. Figure 3 shows a study performed 
_ jn.a small number of patients receiving low doses of the a- 
locking agent terazosin once daily.'? As expected, this 
low-dose monotherapy produced relatively small absolute 
-decrements in BP; even so, the monitoring procedure had 
__ sufficient sensitivity to document the effects of the drug 
_ throughout the day. As a further practical issue, it has 
_ been shown that the power provided by the monitoring 
_ technique allows a statistically valid assessment of the 
-effects of antihypertensive therapy to be determined in 
__ fewer patients than would be required if conventional BP 
_ Measurements were the primary efficacy variable.'4 
































"DIAGNOSIS AND TREATMENT 
-> As discussed earlier, a meaningful percentage of pa- 









“nonconfirmed” patients potentially could lead to. 

lems of hypotension. oe 
This issue was recently addressed in a study in whic! 

15 patients were treated with the calcium channel-blc 












ing agent diltiazem.” As shown in Figure 4, all 
these patients satisfied the office criterion of basel 
diastolic BP >95 mm Hg. These readings were obtain 
at the end of a preliminary run-in period of several weeks 
during which the patients received placebo. Howe 
ambulatory BP monitoring was then performed as a | 
line measurement before the initiation of active tre 
ment. Figure 4 shows that 6 of the 15 patients failed 
satisfy the monitoring criterion of hypertension despite 
the care with which they had been evaluated on entry into 
this study. As shown in Figure 5, treatment with diltia- 
zem in the nonconfirmed group (n = 6) produced little if 
any antihypertensive effects. In contrast, this agent was 
clearly effective throughout the 24-hour period in 9 pa- 
tients who had true hypertension (Fig. 6). These findings _ 
underscore the power of the monitoring technique to de 
fine antihypertensive efficacy in an individualized fash 
in hypertensive patients. oo 


FREQUENCY OF DOSING oe 

One practical application of monitoring is to deter 
mine whether antihypertensive therapy can produce effi 
cacy throughout the 24-hour period. This is of interes 
when drugs with intrinsically short durations of action are 
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mulated, or made in combination with other agents, 
the intention of providing 24-hour efficacy when 
stered just once daily. An example of this ap- 
‘gach is shown in Figure 7.2! In this study, patients were 
treated with the calcium channel-blocking agent verapa- 
mil. Ambulatory BP monitoring was performed while 
patients received either a short-acting immediate-release 
formulation of this agent given 3 times daily, or a long- 
acting sustained-release formulation given once daily. It 
is clear from Figure 7 that there is no difference between 
the 2 modes of treatment in their effects on BPs through- 
out the 24-hour period. These data thus provide evidence 
that the longer acting formulation is an adequate substi- 
tute for the immediate-release product despite being ad- 
ministered less frequently. 
Another type of experience is shown in Figure 8.7? In 
study, performed in elderly patients, the angiotensin- 
verting enzyme inhibitor captopril was administered 
combination with a low dose of the diuretic hydrochlo- 
hiazide in a twice-daily dosing schedule. Compared 
with pretreatment baseline values, the combination ther- 
_apy produced excellent control of BP throughout the day. 
Patients were then switched to once-daily administration 
of the same medication given in approximately the same 
otal daily dose as when the treatment was given twice 











































. The figure shows that the efficacy of the once-daily _ 
nen is similar to that of ihe repens regimen and : 
affec r the full 24-ho 
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FIGURE 9. Systolic blood pressure (SBP) and diastolic bined: 
pressure (DBP) values for 19 patients randomized to acebuto- | 
lol. Values shown are the blood pressure averages for each of | 
the 12 periods of 2 hours’ duration that comprise the 24-hour 
ambulatory monitoring period. (Reproduced with permission — 

from Am Heart J.24) s 















single-agent therapy usually is administered twice daily . 
to produce optimal effects. In combination with a low 
dose of diuretic, the ambulatory BP monitoring technique 
demonstrates 24-hour efficacy with a single daily dose. 





PEAK AND TROUGH ISSUES 
Peak effect, the maximum reduction in BP after ad- 
ministration of a drug, need not correspond to the time at 
which the drug’s plasma concentration is at its highest — 
level, although, in general, peak effect occurs relatively — 
early during the dosing interval. By definition, the trough 
effect is the decrease in BP observed at the end of the _ 
dosing interval, immediately before administration of the _ 
next dose. Because once-daily drugs traditionally are ad- 
ministered in the morning, trough effects usually occur at 
that time of day (as discussed earlier) when the cardio- 
vascular risk is highest. Thus, a meaningful control of BP 
at trough is an important property of an antihypertensive _ 
agent. Although the trough effect can be enhanced by 
increasing the size of the dose, this can create the danger _ 
of an excessive peak effect and the risk of early hypoten- 
sive responses. Because of this concern, the Food and 
Drug Administration has recommended that the ratio of. 
trough to peak antihypertensive effects be at =1 to 2.23 
A recent report has compared 2 6-blocking agents, 
acebutolol and atenolol, administered once daily to pa- 
tients with essential hypertension.** Both drugs were 
clearly effective in decreasing BP, as shown by whole-da 
ambulatory BP monitoring. The data for acebutolol a 
shown in Figure 9. By comparison with the ‘baseline B 
measurements, the treatment values clearly were Ic 
bebe the > 24-hour pio, Indeed, the 
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FIGURE 10. Average changes in diastolic blood pressure 
(DBP) during 24-hour monitoring procedures that began im- 
mediately after 9:00 «.. dosing with acebutolol (n = 19) or 
atenolol (n = 20). Data are shown for the first 22 hours (9:00 
A.M. to 7:00 A.M.), the final 2 hours (7:00 A.M. to 9:00 

., trough) and the 2-hour period of maximum efficacy 
peak). Values are mean + standard error of the mean. (Re- 


produced with permission from Am Heart J.”4) 


a whole was closely similar (approximately 10 mm Hg) 
` for the 2 drugs. 
The peak and trough data for the 2 agents are shown 
in Figure 10. To heighten accuracy of these measure- 
> ments, data extracted from the whole day of monitoring 
are divided into 12 periods of 2 hours each: thus, the peak 
action of a drug occurs during that 2-hour period of the 
< day that differs to a greater extent from its baseline value 
than any other 2-hour period, whereas the trough is the 2- 
hour period (7 a.m. to 9 a.m.) immediately preceding the 
next day’s dose. For atenolol, the trough effect was signif- 
icantly less than the peak effect, and the trough to peak 
ratio was approximately 43%. With acebutolol, the dif- 
ference between trough and peak effects was not signifi- 
«cant, and the ratio was 74%. 


‘CONCLUSION 

Previous reports by other investigators! have indicat- 
ed that 8 blockers, as a class, might tend to lose their 

fficacy during the early morning hours. This, perhaps, 
reflects their inability to block norepinephrine-pressor ef- 
fects, presumably mediated through arterial a receptors, 
‘that are associated with the morning surge of sympathet- 
ic activity. It is possible that acebutolol differs from other 
B blockers in some pharmacologic properties. It possesses 


intrinsic sympathomimetic activity and a long duration of 


tion, permitting once-daily administration. _ 


`- The recent report o co paring atenolol with acebuto- < 
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atenolol during the final 4 hours of themes m 
tolols BP-lowering effect was maintained throu 

the full 24-hour period, including the critical mo 
hours when BP tends to increase rapidly. In compariso 
with other agents, acebutolol appears to be a Ba blocker 
with true 24-hour efficacy. : 
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coronary artery disease has been confirmed by 
_ the results of epidemiologic and intervention stud- 
a ies. Among antihypertensive agents, 6 blockers, 
__ particularly those without intrinsic sympathomi- 

: activity (ISA), are generally reported to have 
negative effects on lipids, which may increase the 
risk of coronary artery disease. The ongoing Treat- 
oe ment of Mild Hypertension Study, now in its third 
year, has evaluated 847 patients to date with re- 
ard to lipid profile. Additional end points mea- 
sured in this multicenter, randomized, controlled, 

_ double-blind study include blood pressure reduction 
_ and target organ deterioration. During the trial, all 
_ patients received nutritional and behavioral coun- 
_ seling to modify their diet, exercise habits and alco- 
- hol and sodium consumption to control their hyper- 
tension by nonpharmacologic means. In addition, 

me patients were randomized to receive low 
of 1 of the 5 classes of antihypertensive 
cation: acebutolol, a 8 blocker with ISA 
124); amlodipine, a calcium channel blocker 
: 122); chlorthalidone, a diuretic (n = 125); dox- 
əsin, an a blocker (n = 128); enalapril, an angio- 
sin-converting enzyme inhibitor (n = 127) or pla- 
(n= 221). At 1 year, acebutolol showed a sta- 
ally significant (p <0.001) decrease in total 

erol (—12.7 mg/dl) compared with placebo 
(- 5.2 mg/dl) and with chiorthalidone (1.0 mg/dl); a 

significant (p <0.001) decrease in low-density lipo- 
protein cholesterol (—6.0 mg/dl) compared with 
placebo (+0.7 mg/dl) and with chlorthalidone (+8.0 
_mg/dl) and no change in high-density lipoprotein 
cholesterol (—0.4 mg/dl). 
ie (Am J Cardiol 1990;66:49C-—54C) 
































mih aiy of Alabama at Birmingham, Center for Aging, 
gham, Alabama: 





at Birmingham, 933 South 19th ‘Street, CHS: 
r Birmingham, Alabama 35294 : 


Acebutolol Effects on Lipid Profile 


Harold W. Schnaper, MD 


The relation between lipid profile and the incidence 


-acebutolol has been shown to decrease total cholesterol 


dress for reprints: Harold: W.: Schnar T MD, Uni versit f 
pe vege levels and i improve the DEEDE ratio while aa 






= FHE AMERICAN JOLRNAI TOR eaRDIDI nav GEPTEMRER oR än A 


















































phe with elevated total cholesterol levels has been 
documented repeatedly over the past 30 years. 
More recently, the availability of potent cholesterol- 
lowering agents has demonstrated the protective effect: 
achieved by lowering elevated cholesterol levels. That 
approach to reducing cardiovascular risk is now widely 
accepted. ! 
The correlation between lipoprotein fractions—high- 
density lipoprotein (HDL) cholesterol, low-density lipo- 
protein (LDL) cholesterol and very low-density lipopro- 
tein (VLDL) cholesterol—and susceptibility to cardio- 
vascular atherosclerotic deterioration has further ad- 
vanced our understanding of cardiovascular risk. High- 
er levels of HDL and lower levels of LDL are associated 
with decreased cardiovascular risk; conversely, increased 
levels of LDL with concomitant decreases in HDL ap- 
pear to increase the risk of atherosclerotic disease.2-4 At 
present, no prospective clinical trial has demonstrated 
that manipulating those values confers greater protec- — 
tion, although it is accepted by some that routines and 
procedures that improve the HDL/LDL ratio are more 
beneficial than those that do not. Although a cause and: 
effect relationship has not been established, results of 
clinical trials are consistent with the hypothesis that HDL. | 
in some way is “protective” against the development of | 
atherosclerosis. ! E 
This better understanding of the risks associated with 
the cholesterol-carrying lipoprotein moieties has raised _ 
the concern that certain medications requiring long-term 
administration, such as antihypertensive agents, may 
cause unfavorable lipoprotein patterns.> The classes of 
antihypertensive agents that have been shown to have: 
adverse effects on cholesterol levels are among those that 
have been available longest and are most widely used, _ 
including the diuretics and the first- and second-genera~ 
tion 8-blocking agents. A 5 to 10% sustained increase in 
cholesterol levels appears to accompany treatment with 
those medications. It has been suggested that such drug- 
induced changes in cholesterol, as well as the adverse 
changes in the HDL/LDL ratio, may offset some or all a 
the protection against coronary atherosclerosis that is 
afforded by blood pressure reduction.’ Other 8 blockers 
that possess intrinsic sympathomimetic activity (ISA), 
such as pindolol and acebutolol, appear to have a more- 
favorable effect on lipid profile. Acebutolol belongs toa 
new class of 8 blockers that possess peripheral vasodila- 
ting effects. The newer agents appear to have advantages 
over older 8 blockers in terms of reduced clinical adverse 
effects on lipid profile, and their blood pressure-lowering 
ability is well documented. Unlike traditional 8 blockers, 


T increased risk of cardiovascular catastro- 
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os Study 


leri et al (1985) 
Lehtonen (1984) 
Matsurnoto and 
Nakamura (1986) 
Jiac et al {1986} 
Giuntolli et al (1984) 
Birnbaum et al (1983) 


Design 





Open 12 
Open 6 
Retrospective 212 


Open 

Open 

Randomized 
crossover 

Parallel group 

Open 

Parallel group 

Open 

Parallel group 

Open 

Nonrandomized 
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Parallel group 
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Wahl et al (1986) 
Jaillard (1.982) 

Rouffy (1984) 

Scotti et al (1983) 
Hagel and Uim (1983) 
Lehtonen (1985) 
Nakamura (1987) 


Miller et al (1987) 
Miller (unpublished data) 





‘Adapted from Drugs. 


Baseline 
Mean (SD) 


232 (40) 
229 (42) 
231 (39) 
229 (38) 


Change* 
Mean (SD) 


~13 (26) 
—7 (29) 
1.0 (26) 

—13 (26) 


b> Treatment Group 


Acebutolol 
Amlodipine 
Chiorthalidone 
Doxazosin 
Enalapril 226 (37) —8 (24) 
Placebo 225 (37) —5 (23) 


Po Chiorothalidone vs each of the active treatments (p <0.01). 


“TABLE Ill TOMHS: Change in Low-Density Lipoprotein 
“Cholesterol (mg/dl) from Baseline 


Baseline 
Mean (SD) 


162 (35) 
159 (38) 
161 (35) 
158 (35) 


Change* 


Treatment Group Mean (SD) 


Acebutolol 

i Amlodipine 
Chlorthalidone 
Doxazosin 
Enalapril 153 (34) ~1.7 (23) 
Placebo 157 (33) +0.7 (22) 


: x Chlorothalidone vs acebutolol, doxazosin and enatapril (p <0.01). 


The Treatment of Mild Hypertension Study 
TOMHS) is a multicenter, randomized, controlled, dou- 
ble-blind trial that is currently being conducted to com- 
are the effects of nonpharmacologic therapy alone with 
hose obtained when active drug therapies are combined 
ith nonpharmacologic therapy in patients with mild hy- 
pertension. All patients received nutritional and behav- 
ral counseling to control their hypertension by nonphar- 
‘macologic intervention, including weight loss, increase in 
physical activity and reduction of sodium and alcohol 
ntakes. The 5 medications were selected to be represen- 

e of each of the maj i 

its. Patients entering 


—6.0 (26) 
—0.8 (25) 
+8.0 (26) 
—4.9 (24) 





No. of Pts Studied 


Duration 
(months) 


Acebutolol Other drug 


9 (propranolol) 
18 (pindoiol) 


20 (propranolol) 
178 (hydrochlorothiazide) 
10 (placebo) 
10 (penbutolol) 
11 (propranolol) 


7 (propranolol) 
16 (propranolol) 


amodini, a calcium channel blocker (n = 122); 
thalidone, a diuretic (n = 125); doxazosin, an @ blocker 
(n = 128); enalapril, an angiotensin-converting enzyme 
inhibitor (n = 127) and placebo (n = 221). 


ACEBUTOLOL’S EFFECTS ON TOTAL 
CHOLESTEROL 

Fifteen clinical trials with acebutolol that. 
evaluation of its effects on lipid fractions have been r 
viewed by Clucas and Miller (Table I).°?° In mos of 
those studies, total cholesterol levels remained unchan 
with acebutolol; however, 3 studies shostatistically signi 
icant decreases. A comparison of acebutolol’s effect 
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Studies 
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URE 2, TOHMS data showing change In total cholesterol evel (mg/l from basen to 1 year, Acebutolol vs placebo, 


10.001. MO-BL = 12 months-baseline 


1 cholesterol compared with those of other agents is 
in Figure 1. Acebutolol lowered cholesterol by 
imately 7%, a 2.5-fold greater reduction than was 
ed with other agents, which lowered cholesterol by 
%. 

Data from TOMHS indicate that acebutolol de- 
sed total cholesterol levels significantly (p <0.001) 
compared with placebo and diuretic therapy. The 
ige from baseline in total cholesterol level achieved 
ch active drug or placebo plus nonpharmacologic 
ention is shown in Table II. Changes from baseline 
ly at 1 year are shown in Figure 2. Acebutolol’s de- 
ease from baseline of 12.7 mg/dl was approximately 
3 times greater than that obtained with nonpharmaco- 
ic intervention alone, which lowered cholesterol by 
ly 5.2 mg/dl. Acebutolol’s effect was matched by doxa- 
in but was not matched by any of the other medica- 
, and the changes in cholesterol levels achieved with 
acebutolol and doxazosin were considerably lower than 
those obtained with placebo or the other active medica- 
ions (p <0.001). At 1 year, chlorthalidone increased the 
lesterol level over placebo by 7.5 mg/dl (p <0.01). 
iis increase was sustained over the 1-year period, as 

wn in Figure 2. 
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FIGURE 3. Percent change in low-density lipoprotein (LDL) 
acebutolol 


levels in studies with alone and in comparison with 
other agents. (Adapted with permission from Drugs.®) 


Acebutolol therapy decreased LDL level over placebo by © 
6.7 mg/dl. Again, as with the total cholesterol level, the 
8.0 mg/dl increase from baseline in LDL associated w 
chlorthalidone therapy was sustained over the 1-year 
riod (Fig. 4). 
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cular disease increases as levels of HDL decrease. The 

average risk of mortality from cardiovascular disease is at 

a level of 40 mg/dl; risk decreases by one fourth as the 

o level of HDL increases to 80 mg/dl. 

Analysis of the effect on HDL in the 15 trials pub- 
lished before 1988 (Fig. 6) reveals acebutolol increased 

HDL levels vs placebo by approximately 1.5%, whereas 
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approximately 6%; thus, therapy with acebutalol r re 
in a beneficial increase in HDL levels while other med - 
tions tended to decrease HDL levels. z 8 

A similar trend is observed in the TOMHS data at 
year: the actual change in HDL level with acebutolol 
therapy was nonsignificant from baseline, and no: 





v TOMHS: Change in High. Density TERNS 
lesterol neo) from Baseline 


Baseline 
Mean (SD) 


z Change 
resent Group Mean (SD) 


i cetol -0.4 (7) 
207) 
2(8) 
2(7) 
3 (6) 
2 (7) 


; a ainone 
- Doxazosin 

- Enalapril 
Placebo 


rates the change in ratio of HDL to total cholesterol 
baseline to 1 year. Acebutolol therapy resulted in a 

0.8% change; the greatest change, 2.3%, was achieved 
wW h doxazosin therapy. Thus, acebutolol’s net effect on 
d profile is at least neutral, given the modest change i in 
HDL and the marked decrease in LDL observed in the 
{HS trial. Those results appear to corroborate data 

from the 15 studies published before 1988. When com- 
ed with other antihypertensive agents, acebutolol ap- 

ars to have no adverse effects on serum lipid profile. 


ONCLUSION 
Hypertension is a major risk factor for atherosclerosis, 
the effective reduction of elevated blood pressure 
through diet, behavior modification or the judicious 
ihypertensive medications may be credited with 
reased mortality rate observed in atherosclerotic 
ients over the past 30 years. Controlled long-term 
ical trials show that antihypertensive treatment is 
e effective in reducing death due to stroke than in 
ing death due to coronary artery disease. In recent 
concern has been expressed about the safety of 
i¢ antihypertensive agents, particularly diuretic 
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FIGURE 6. Percent change in high-density lipoprotein (HDL). 
cholesterol level in studies with acebutolol alone and in com- 
parison with other agents. (Adapted from Drugs.®) 


therapy, and the ability of antihypertensive treatment to 
prevent coronary and cardiovascular disease. The pai 
tern of lipid changes observed from the results o 
TOMHS after 1 year of acebutolol treatment appears t 
corroborate earlier data that showed that acebutolol ha’ 
no adverse effects on lipids, and indeed may have a prí 
tective effect against risk of cardiovascular disease. Long. 
term results of TOMHS will help clarify the optima 
treatment of hypertension with regard to lipid profile a 
well as risk predictions based on drug-induced changes in 
lipid metabolism. 
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eta-adrenoceptor antagonists were specifically 
developed by Sir James Black for the treatment of 
ischemic heart disease. Fortuitously, they were 
ound to be efficacious in patients with high blood pres- 
_ sure and certain ventricular arrhythmias. The highlight 
of their clinical deployment, however, was the demonstra- 
on that these agents had the potential to extend lifespan 
survivors of myocardial infarction (MI) without seri- 
_ ously inhibiting these patients’ quality of life. This prom- 
_ ise was confirmed for nonselective 6-blocking drugs with- 
out either cardioselectivity or intrinsic sympathomimetic 
tivity in 2 large, well-designed and well-executed clini- 
l trials. The doubts that arose, particularly with regard 
_ to the preventive inadequacy of 8-blocking drugs with 
intrinsic sympathomimetic activity, was based on a num- 
ber of less well-designed and less extensive trials. The 
failure to demonstrate a clear-cut preventive property 
with these latter drugs was attributed to their pharmaco- 
gic characteristics, particularly with regard to the pres- 
f intrinsic sympathomimetic activity. However, we 
w that such beliefs are unfounded, and the results 
\cebutolol et Prévention Secondaire de I’Infarctus 
D study reported in this symposium confirm such a 
ient. It is now reasonable to accept that the preven- 
tential of -blocking drugs in patients who have 
ed MI is a class response, irrespective of the ancil- 
rmacologic properties of 8-blocking drugs. 
APSI study, however, extends knowledge in | 
mportant additional clinical direction. The earlier 
eventive studies with @-blocking drugs in survivors of 
ute MI were concerned with relatively low-risk cases 
out severe myocardial damage. This was a reason- 
> approach when the studies were first conceived, due 
he theoretical risk of the precipitation of heart failure 
atients with extensive myocardial damage. Fortu- 
ly, this has not proved to be the case, and the APSI 
clearly demonstrates the beneficial effect of acebu- 
lol fy high-risk survivors of MI. 






























‘Conclusions 


Stanley H. Taylor, PhD, MD, and William H. Frishman, MD 








There are a number of other potential benefits to 
consider with acebutolol. The drug has the desirous phar- 
macologic profile of 8, selectivity with moderate partial 
agonist sympathomimetic activity. Thus, it can be expect- 
ed to have fewer deleterious effects on systemic vascular 
resistance than 8-blocking drugs without intrinsic sympa- 
thomimetic activity. Levenson and colleagues also report 
in this symposium the beneficial influence of acebutolol 
on systemic arterial wall stiffness, an important factor. 
contributing to the work of the heart. The property of 
intrinsic sympathomimetic activity also endows acebuto- 
lol with another vital preventive element not possessed by 
nonselective 6-blocking drugs, namely the ability to bene- 
ficially modulate the plasma lipid profile..In fact, 
Schnaper in this symposium reports that the reduction in. 
plasma total cholesterol induced by acebutolol was equi 
alent to that which one would expect with many of the 
commonly used specific anticholesterolemic drugs. 
Moreover, the reduction in total plasma cholesterol con- 
centration was achieved by the most advantageous 
change in the profile of its components—a reduction it 
the low-density lipoprotein cholesterol fraction and n 
change in the high-density lipoprotein fraction. In pa 
tients at high risk from further MI, such modulation o! 
the total plasma cholesterol and its components can Ł 
expected to extend the preventive influence of 8 blockade. 
on the heart. 

Taking into account these various aspects, it would be 
reasonable to express the opinion that the prolongation of 
lifespan following acute MI endowed by the 6-blocking 
drugs is a class effort, and the ancillary pharmacologic 
properties of cardioselectivity and intrinsic sympathomi- 
metic activity, far from being deleterious, may in fact. 
have further preventive potential in high-risk patients. 
Furthermore, the fact that mortality is further signifi- 
cantly reduced if the drug is being taken at the time of the. 
next MI underlines the important therapeutic signifi- 
cance of the APSI trial reported in these proceedings. 
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Introduction 


James E. Muller, MD, and Geoffrey H. Tofler, MB 


Cardiology provides the first compilation of re- 

ports in the emerging field of study of triggering 
and circadian variation of onset of acute cardiovascular 
disease. These reports were prepared by researchers who 
participated in 2 symposia dedicated to this topic (Bos- 
ton, Massachusetts, February 25, 1989; and Phoenix, 
Arizona, May 5 and 6, 1989). The symposia were sup- 
ported by an educational grant from Bristol-Myers 
Squibb Company. The variety of ideas expressed in this 
issue reflect the stimulating interchange that occurred 
among researchers approaching this new topic from dif- 
ferent disciplines. 

The relation of this new field of study to the tradition- 
al areas of research on coronary artery disease is shown in 
Figure 1. Great progress has been made in the identifica- 
tion of chronic risk factors for arterial thrombosis, in the 
treatment of acute thrombosis and long-term manage- 
ment after the acute event. The new area of research 
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focuses on the hours and minutes before the onset of 
occlusive arterial thrombosis—on the conversion of 
chronic to acute disease. The recognition of circadian 
variation and the possibility of frequent triggering pro- 
vide new information suggesting the value of study of this 
time period. It is the hope of researchers that findings in 
this new area may make it possible to transform the gains 
achieved in the 1980s in traditional areas of research into 
more effective preventive measures. 

The reports are grouped into 5 categories reflecting 
different approaches to the issue: epidemiologic findings, 
transient myocardial ischemia, angiographic and patho- 
logic findings, physiologic mechanisms and results of 
pharmacologic intervention. The purpose of this intro- 
duction is to summarize the contents of the supplement 
and to add the information—old and new—required for a 
complete presentation of this new approach to prevention 
of onset of cardiovascular disease. 


EPIDEMIOLOGIC FINDINGS 

The objective evidence documenting the circadian 
variation of onset of acute myocardial infarction! is pre- 
sented in Figure 2. Numerous prior publications had re- 
ported a morning increase in the onset of symptoms of 
myocardial infarction,” but had received little attention, 
presumably because symptoms were used to time onset of 
the event. All prior studies were subject to the criticism 
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a that many 1y patients may have been asleep at the onset of 
_ myocardial infarction, and hence the increased morning 
_ incidence was simply an artifact of delayed recognition of 
--onset at the time of awakening. The data shown in Figure 
-2 from the Multicenter Investigation of Limitation of 
_ Infarct Size (MILIS) study were based on time of ap- 
_ pearance of creatine kinase (CK) in plasma, and were not 
subject to such an interpretation. They have subsequently 
been confirmed by similar data obtained from the Intra- 
venous Streptokinase in Acute Myocardial Infarction 
(ISAM) study, and supported by the rapidly accumulat- 
_ ing parallel data showing morning increases for onset of 
-many types of cardiovascular disease. 
The MILIS data also showed a strong correlation 
_ between symptom-timed and CK-timed onset (r = 0.85), 
"indicating that analysis of time of symptom onset in large 
- groups of patients might indeed be of value. In this sup- 
_ plement, Gilpin et al report time of onset of symptoms of 
- myocardial infarction ima study sufficiently large (4,796 
_ patients) to determine the pattern of onset in various 
“subgroups. While the overall population demonstrated a 
_ primary morning peak and a smaller secondary evening 
_ peak in incidence similar to prior reports, interesting vari- 
ations were found in certain subgroups. Patients with 
_ prior congestive heart f ailure, or who experienced a non- 
<Q-wave infarction, had a primary peak in the evening; 
-those over 70 years of age, smokers, diabetics, women and 
_ patients taking B-adrenergic blocking agents had 2 rela- 
_ tively equal peaks; and those with prior infarction had no 
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peaks, The report by Gilpin et al that prior 8-blockade 
therapy resulted in similar morning and evening peaks is _ 
compatible with the findings in the MILIS and ISAM | 
databases that prior 6 blockade abolished the prominent — 
morning: peak in infarct onset. a 
Psaty et al report data in hypertensive patients rele- 
vant to the mechanism of the cardioprotective action of 8 
blockers (and presumably also relevant to their ability to 
alter the time of day of onset of infarction). They found - 


that B-biockade therapy was associated with a 38% re- 
duction in the incidence of a first nonfatal myocardial 


infarction. In addition, protection was associated with the 
use of 8 blockers in a dose-response fashion—a finding _ 
compatible with the hypothesis that 8 blockers prevent 
infarction by interrupting the consequences of an external 
triggering event. ee 
In the final portion of the epidemiologic section, Wil. 


lich presents data indicating that sudden cardiac death 


occurs with a circadian pattern similar to that of nonfatal 


infarction. This is not a surprising finding for sudden 


death due to occlusive thrombus formation since, in most 
cases, a detectable infarct would have occurred, had the 
patient lived. However, since only approximately one- 
third of the cases of sudden cardiac death have an occlu- 


sive coronary thrombus at autopsy, the similar circadian ` 


patterns for the entire group suggest either that the © 
plaque rupture and subsequent thrombosis formation, 
ischemia and sudden-death scenario is quite frequent, as 
suggested by Davies and Thomas,‘ or that primary ar- 
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FIGURE 2. The hourly frequency of onset. 
of myocardial infarction as determined by 
the creatine-kinase-MB (CK-MB) method 
in 703 patients. A 2-harmonic regression 
equation has been fitted to the data 
(curved line). A prominent circadian : 
rhythm is present, with a primary peak in- ; 
cidence of infarction at 9 A.M. anda - 
smaller secondary peak RPM, (Niat 
ed from N Engl J Med.*) 
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_ rhythmic sudden death is also more likely in the morning. 
2 latter possibility is supported by data indicating a 
rominent morning increase in ventricular tachycardia.® 
While informative, the epidemiologic studies conduct- 
-ed thus far provide only an introduction to the topic, since 
-time of day is likely to be primarily a surrogate for the 
- activity-rest cycle. This view is supported by data from 
< Goldberg et al,’ who have demonstrated that the increase 
< in onset of nonfatal myocardial infarction occurs in the 
- first hour after awakening. A National Heart, Lung, and 
Blood Institute-funded study is currently in progress in 
which over 3,000 patients will be interviewed to deter- 
- mine their activities immediately before infarction onset 
- (Myocardial Infarction Onset Study). Activity before in- 
~©faretion will be compared with activity in a control period 
to determine relative risk of various exposures, using a 
_ “ease-crossover” method developed by Maclure® of the 
- Harvard School of Public Health. With such an ap- 
_ proach, it will be possible to evaluate the frequent report- 
- Ing by patients of possible triggers of infarction noted by 
Tofler et al? and determine the frequency of the excep- 
tional cases in which a trigger is easily recognized.!° 


_ TRANSIENT MYOCARDIAL ISCHEMIA 
The timing and triggering of transient myocardial 
ischemia can be studied much more easily than the rarer, 
-catastrophic disorders of myocardial infarction and sud- 
n cardiac death. With continuous 24-hour ambulatory 
lectrocardiographic monitoring, it has been shown con- 
lusively, as presented by Rocco in this supplement, that 
` episodes of transient myocardial ischemia have a circadi- 
_ an pattern similar to that of myocardial infarction. In the 
report of Rocco, the increase is shown to occur in the 
_ hours after awakening, as it does for infarction. With the 
_ use of diaries, it was possible to normalize the frequency 
of ischemia after a potential trigger for the time spent 
exposed to the trigger. This demonstrated the high fre- 

quency of mental stress as a trigger. 

-<o The report by Coy et al illustrates the use of special- 
ized mathematical methods (time-series analysis) to eval- 
“wate temporal patterns of transient ischemic episodes. 
= The analysis revealed a 24-hour periodicity without £- 
_ blockade therapy and a 5- to 8-hour periodicity after 6- 
blockade therapy. Deedwania has measured ambulatory 
“systemic arterial blood pressure and has shown that the 
majority of attacks of ischemia are preceded by an in- 
crease in myocardial oxygen demand. Bairey et al report 
“on the high frequency of induction of ventricular wall 
_ motion abnormalities by mental stress. Furthermore, the 
-occasional marked surges in arterial pressure observed 
after mental stress could contribute to triggering of onset 
< of infarction by relatively inconspicuous processes. Final- 
<ly, Stone reports on a study demonstrating that G-adre- 
-mergic blockade can reduce the occurrence of morning 
_ ischemia without eliminating the morning increase in 
_ platelet aggregability. Stone also examines the relation 
_ between the parallel patterns of transient ischemia and 
he catastrophic events of myocardial infarction and sud- 
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Although studies of the triggering of transient isch- 
emia are more advanced than are studies of triggering of — 
infarction and sudden cardiac death, the available infor- 
mation does not explain why a typical patient may experi- — 
ence transient ischemia every morning, but suffer infare- . 

tion only once in a lifetime. It is likely that external’ 
triggers, such as physical or emotional stress that cause 
transient ischemia, also cause infarction—but only in the 
presence of an additional relatively rare set of circum- 
stances resulting in a vulnerable atherosclerotic plaque. 

within a coronary artery. 


PATHOLOGIC AND ANGIOGRAPHIC FINDINGS | 

Understanding the onset of occlusive coronary artery 
thrombosis—the cause of most cases of myocardial in- 
farction and at least a third of the cases of sudden cardiac 
death—was greatly advanced in 1966 when Constantin- 
ides first reported that occlusive arterial thrombi were 
almost universally associated with fissures in atheroscle- ` 
rotic plaques.'! In this supplement, Constantinides de- 
scribes the animal research that led to his discovery in 
humans, and speculates on conditions that might predis- 
pose a plaque to rupture. A reproduction of a histologic: 
section showing plaque rupture with thrombus formation ~ 
is shown. 

Identification of the presence of a fissure with an 
overlying thrombus does not reveal the mechanism of. 
plaque rupture—specifically, a fixed specimen does not ` 
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FIGURE 3. Prevention of morning myocardial infarction by 
prevention of platelet surge. Proprosed contribution of morn- 
ing platelet surge to morning myocardial infarction and its 
prevention by aspirin. illustration combines (A) the ability of 
aspirin to selectively reduce the morning peak in frequency. of 
myocardial infarction (adapted from Circulation’; and (B) 
the ability of aspirin to abolish the morning increase in platelet 
aggregability. ADP = adenosine diphosphate. e 
Engi J Med. 13) 





indicate whether the rupture occurred from the lumen 
into the plaque or from the plaque into the lumen. Barger 
_ and Beeuwkes describe a method for postmortem identi- 
- fication of the vasa vasorum of the coronary arteries and 
_ propose a mechanism whereby the pressure delivered to 
_ the plaque via the vasa vasorum may actually exceed that 
in the adjacent coronary artery lumen, thereby causing 

rupture of the plaque into the lumen. 
-The anatomic knowledge gained from these autopsy 
studies has been supplemented by angiographic studies in 
patients with myocardial infarction. Little reports that 
the atherosclerotic lesion causing the occlusive thrombus 
-need not be severely stenotic before the event. In patients 
with mild to moderate coronary artery disease, the lu- 
- menal diameter narrowing measured on an angiogram 
obtained before the infarction was <50% in approximate- 
ly 66% of cases. This finding is supported by measure- 
= ments showing an average preexisting stenosis of only 
_. 56% in patients who have received thrombolytic therapy 
_. for myocardial infarction.'* These findings indicate that 
< thrombus formation rather than stenosing atherosclerosis 
| 4s often the cause of disease onset, and suggest that efforts 
to prevent triggering of thrombosis could yield great clini- 

< cal benefit. 








_. PHYSIOLOGIC MECHANISMS 
> Substantial progress has been made in understanding 
-the physiologic processes that might lead to onset of oc- 
< = clusive arterial thrombosis. In this supplement, Willerson 
` and his colleagues summarize work they have been con- 
ducting since 1979 on the factors causing conversion of 
-+ chronic to acute disease. Using a conscious, instrumen- 
ted, dog model, they demonstrated that the cyclic flow 
-reductions occurring after partial coronary artery occlu- 
sion are worsened by triggers such as low-level exercise, 
food and the presence of a person. Studies in patients with 
“acute coronary syndromes, and in animals with experi- 
mental lesions, suggest that inhibition of platelet aggre- 
gation with thromboxane and serotonin antagonists 
“might be an effective therapeutic option. 
; Recently, a cycle of information has been completed 
<- concerning the role of platelet aggregation in the onset of 
-myocardial infarction. It was demonstrated in 1986 by 


Tofler et al!3 that platelet ee 
morning concurrent with the time of increased. onset 0 
infarction (Fig. 3A). Ridker et al!4 have subsequently 
analyzed the effect of aspirin on the time of day of onset. 
of infarction in the Physicians’ Health Study. In the p 
cebo-treated group, there is a morning increase in infarc 
tion similar to that previously reported. In the aspir 
treated group, the morning peak was markedly reduced, 
as would be expected by elimination of the morning surge 
in platelet aggregability (Fig. 3B). The reduction in inci- 
dence of infarction by aspirin was 56% for the morning 
period versus only 32% for the remainder of the day. 

Variations in fibrinolytic activity can also alter the 
likelihood of formation of occlusive thrombosis. In this. 
supplement, Wiman and Hamsten report an extension oi 
their earlier finding that plasminogen activator inhibito 
excess is present in young patients with myocardial i in- 
farction. It has now been found that such an excess is also s 
a marker for recurrent infarction. 

The data on platelet aggregability and fibrinolytic 
activity illustrate a difference between acute intraindivid: 
ual variations and chronic interindividual variations in 
processes likely to contribute to infarct onset. The Tofler- 
Ridker data demonstrate that surges in platelet aggrega- 
bility within a patient in the morning increase the risk of 
infarct onset, and suggest that chronic interindividual — 
variations (which are more extensive) are likely to be of | 
importance. Conversely, the finding of Wiman and Ham- 
sten demonstrates that chronic interindividual variations 
of plasminogen activator inhibitor alter the risk of infarct- 
onset, and suggests that acute variations within a patient 
are also likely to be of importance. f 








RESULTS OF PHARMACOLOGIC 
INTERVENTION 

The modes of action of the 3 types of pharmacologic _ 
agents that have been clearly documented to reduce the © 
risk of myocardial infarction—aspirin, cholesterol-lower 
ing agents and 6-adrenergic blockers—can be examined 
in light of the new hypothesis of triggered onset. The role. 
of aspirin in eliminating surges in platelet aggregability 
has been described. The recent demonstration by Brown’ | 
et al!> that reduction of cholesterol produced a greater > 









Physical or Mental Stress Vasoconstriction Trigger Complete 
Laine aaa os Occlusion by Thrombus bosis. A hypothetical model by which daily 
activities may trigger coronary thrombo- | 
sis. Three triggering mechanisms, (1) : 
physical or mental stress producing hemo 
No rombas Tivombus dynamic changes leading to plaque rup- 
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Coagulability increase or 







FIGURE 4. Triggering of coronary throm- 


ture, (2) activities causing a coagulability 
increase and (3) stimuli leading to vaso- 
constriction, have been added to the well- 
known scheme depicting the role of coro- 
nary thrombosis in unstable angina, myo- 
camel infarction (MI) and sudden cardiac — 
death. See text for discussion. non-— — 
Q = non-Q-wave. (Adapted from Circula- A 
tion. 19) k 











reduction in clinical events (including procedures) than in 
o angiographically measured coronary stenoses, suggests 
_ that cholesterol lowering may reduce the vulnerability of 
-plaques to rupture (perhaps by decreasing their lipid con- 
`. tent), or may reduce events by decreasing platelet aggre- 
-gability. 
- The data on the relation between prevention of infarc- 
<: tion by 8 blockade and triggering are described in this 
: supplement by Peters, Kostis, Goldstein, Frishman and 
<- Lazar. Peters analyzed the time of day of sudden cardiac 
-death in the 6-Blocker Heart Attack Trial (BHAT). Pla- 
_ cebo-treated patients showed the previously reported 
- morning increase in occurrence of death, while proprano- 
_ lol-treated patients appeared to be relatively protected in 
the morning. Kostis presents data indicating that the 8 
~ blocker nadolol has a prolonged duration of action—a 
_» property of importance in providing 24-hour protection 
against ischemia. Goldstein presents an analysis of the 
_ overall results of the BHAT study and describes theories 
that have been tested to explain the ability of 8-adrener- 
gic-blocking agents to prevent infarction. In the final 
-report of the supplement, Frishman and Lazar survey the 
_ numerous studies demonstrating a beneficial effect of 8 
- blockers, and propose a new hypothesis to explain their 
< currently unexplained, but well-documented, cardiopro- 
«o tective effect. 


GENERAL THEORY OF TRIGGERING OF 
CORONARY THROMBOSIS 
‘oc The data presented in the supplement have led to 
formulation of a general hypothesis of the manner in 
_ which daily activities might trigger coronary thrombo- 
is.!© The hypothesis presented in Figure 4 adds the con- 
cept of triggering activities to the general scheme of the 
- ‘role of thrombosis in the acute coronary syndromes ad- 
“vanced by Davies and Thomas, Falk, Fuster, Willerson 
~ and others.5 17-19 
It is proposed that the initial step in the process lead- 
ing directly to coronary thrombosis is the development, 
with advancing age, of what can be termed a vulnerable 
atherosclerotic plaque. Plaque vulnerability is defined 
_. functionally as the susceptibility of a plaque to rupture. 
- Development of such vulnerability is a poorly understood 
-> process, but is presumably a dynamic, potentially revers- 
~ ible disorder caused by changes in the constituents of the 
plaque, its blood supply via vasa vasorum, the functional 
integrity of the overlying endothelium, or a combination 
. of these factors. 
The theory that onset of thrombosis is unrelated to 
_ daily activities would presumably attribute disease onset 
solely to changes in the plaque, and the sequence would, 
‘therefore, lead directly from the plaque to occlusive coro- 
nary thrombosis without external modifiers. In the pres- 
< ent formulation, however, it is proposed that onset might 
__ frequently begin when a physical or mental stress triggers 
a hemodynamic change sufficient to rupture a vulnerable 
- plaque. (If such a trigger does not occur during vulnera- 
_ bility, the plaque may change with time and lose its vul- 
. nerability.) The rupture in the plaque may be major or 
a minor, depending on factors such as the amount and type 















of collagen exposed.” A major plaque rupture produces a 
thrombogenic focus sufficiently intense to cause occlusive 
coronary thrombosis leading directly to myocardial in- 
farction or sudden cardiac death. A minor rupture leads _ 
only to a mural thrombus that fails to produce symptoms, 
or leads to unstable angina or non-Q-wave myocardial: 
infarction. Again, at this point external activities may 
lead to occlusion of the lumen. For example, a coagulabil- 
ity increase may trigger growth of the thrombus, or vaso- 
constriction may lead to complete occlusion of an already 
compromised lumen, leading to infarction or sudden 
death. Since normal individuals and even patients with 
coronary artery disease are constantly exposed to poten- < 
tially triggering activities that do not produce coronary 
thrombosis, it seems likely that development of plaque 
vulnerability is the rarest event in this chain of causation. 

It is likely that there is an inverse relation between the 
degree of plaque vulnerability and the intensity of the 
triggering stimulus required to produce rupture. For in- 
stance, an elderly patient with a severe fixed stenosis ina 
coronary artery and an extremely vulnerable plaque may 
develop thrombosis with only a minor stress, while a 
young patient with only a luminal irregularity might re- 
quire a major stress (such as heavy lifting producing — 
markedly increased arterial pressure) to trigger plaque 
rupture and coronary thrombosis. Sumiyoshi et al?! re- ~ 
ported that younger patients were more likely than older 
patients to report unusual stress before onset, but control 
data on the relative frequency of unusual stress in older 
versus younger patients are not available. 

Various mixtures of triggering mechanisms may ac- . 
count for thrombosis. For example, the combination of 
physical exertion (producing a minor plaque rupture) 
followed by cigarette smoking (producing an increase in 
coronary artery vasoconstriction and a relatively hyper- 
coagulable state) may be needed to cause disease onset. 
Thus, the onset of infarction, in some cases, may be the _ 
result of the unfortunate simultaneous occurrence of sev- 
eral events, each by itself of little consequence but cata- 
strophic when occurring together. 


SIGNIFICANCE 


The primary immediate value of recognition of the _ 


circadian variation of acute onset of myocardial infarc- 
tion is the emphasis that can be placed on pharmacologic 
protection during the morning hours for patients already 
receiving antiischemic and antihypertensive therapy. Al- 
though no scientific studies have been performed to test 
the hypothesis, it seems reasonable that long-acting anti- 
ischemic agents would have an advantage over short- 
acting agents in providing protection against myocardial 
infarction in the morning when the effects of short-acting 
agents taken the night before may attenuate. : 
The finding that infarcts appear to be triggered in the 
morning raises questions about the desirability of exercise. 
in the morning. At present, the evidence that exercise is 
beneficial in reducing the risk of infarction. is substan- 
tial,?* and although theoretical concerns can be raised, 
there is no evidence that exercise in the morning is more 
hazardous than exercise at other times of the day. A 
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_ exercise in the morning or the evening would be needed to 
resolve the issue.. 
_Even complete elimination of the morning increase in 
onset of myocardial infarction by optimal timing of exer- 
ise (if needed) and effective therapy would prevent only 
a small fraction of the total morbidity and mortality 
caused by this disorder. Although the incidence of disease 
onset is greatest in the 6 a.m. to noon period, the majority 
f infarcts occur at other times of the day, and their 
prevention requires a broader approach. For this reason, 
the primary significance of the recognition of circadian 
variation of disease onset is the support it provides for the 
broader concept that the onset of infarction at any time of 
he day is frequently triggered by activities of the patient. 
This concept provides a number of clues to the mecha- 
nisms of disease onset—clues that suggest the value of 
studies ranging from the epidemiologic to the molecular 
level. 
It is hoped that the summary of this field of study 
provided by this supplement will lead other investigators 
to turn their attention to the numerous unresolved issues 
_ presented. A more complete understanding of triggering 
‘mechanisms should permit progress in the prevention of 
myocardial infarction. The means of prevention would 
- not be to eliminate potential triggering activities—an un- 
¿desirable and unattainable goal—but to design regimens 
at can be evaluated in randomized studies for their 
ability to sever the linkage between a potential triggering 
_ activity and disease onset. 
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Subgroups of Patients with Atypical 
Circadian Patterns of Symptom Onset 
in Acute Myocardial Infarction 


Elizabeth A. Gilpin, MS, Ake Hjalmarson, MD, and John Ross, Jr., MD 





2 Circadian variation of onset of acute myocardial in- 
_. farction has been noted in many studies and may 
-carry important implications. However, only a few 
previous studies have attempted subgroup analysis. 
In. 4,796 patients with documented acute myocar- 
_ dial infarction, the time of symptom onset was re- 
. corded. As in other studies, a peak occurred in the 
morning hours from 6 A.M. to noon with 28% of 
. the population (1.16 times the average percent for 

the other time periods) experiencing symptom on- 
set in that period (p <0.001). There was a second 
. lower peak (25%) in the evening hours between 

- 6:01 P.M. and midnight, also observed in some 
previous studies. 
: Whether the presence of subgroups with specific 
clinical characteristics would exhibit different pat- 
terns and thereby contribute to these peaks in the 
overall population was then determined. In patients 
__ with a history of congestive heart failure (n = 606) 
or with non-Q-wave infarction (n = 832), a pro- 
nounced peak (29%) occurred only in the evening 
hours. In patients >70 years of age (n = 1,422), 
__ smokers (n = 2,057), diabetics (n = 767), women 
(n= 1,213) and patients taking 8 blocking drugs 
(0 = 847), 2 nearly equal peaks were observed. Fi- 
nally, in patients with previous myocardial infarc- 

_ tion (n = 1,104), no peaks were observed. In a sub- 
group of patients (n = 1,084) free from the most 
_ important modifying factors, there was a single 
-Very pronounced late morning peak (32%), 1.39 
times the average percent for the other time peri- 
ods (p <0.001), without evidence of a second eve- 

-ning peak. Marked differences in diurnal patterns 

- of myocardial infarction onset occur in subgroups 

of patients with modifying factors, particularly non- 

- Q-wave infarction, smoking, 8 blocker use, diabe- 

© tes, prior congestive heart failure and prior myo- 
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cardial infarction. The circadian pattern observed. 

in a given total population reflects the contributions ; 

of these subgroups. 
(Am J Cardiol 1990;66:7G-11G) 


acute myocardial infarction (MI) has been de- 

scribed in a number of studies during the past 25 
years.'-8 Most show an increased onset in the morning 
hours with a peak incidence between 6 a.m. and noon, 
although a secondary peak in the late evening hours has. 
also been reported.! -5-7 We hypothesized that the pat- 
tern observed could be related to differences in the com- 
position of the population with regard to subgroups of 
patients with various characteristics. Few studies of circa-" 
dian rhythm have analyzed subsets of patients.’? There- 
fore, the purpose of the present review, which is reported » 
in detail elsewhere,!° was to analyze in a large patient 
population the circadian patterns in the onset of symp- 
toms of acute MI in various subgroups with characteris- 
tics considered to reflect or influence the physiologic sta- 
tus of the patient. 


A circadian variation in the frequency of onset of 


METHODS ; 
Patients and variables: The date and time of symp- 
tom onset were recorded in 4,796 patients (25% women; 
mean age 63 + 12 [mean + standard deviation] years)” 
who were later determined to have sustained a definite 
acute MI. The patients were part of a multicenter study 
supported by the Specialized Center of Research 
(SCOR) on Ischemic Heart Disease at the University of 
California, San Diego (UCSD Collaborative Database) 
in which data were collected prospectively to study the 
natural history of acute MI. The research nurses at all 
participating centers were trained to follow uniform pro- 
tocols for patient entry and data gathering. One criterion. 
for inclusion in the study was admission to the coronary 
care unit within 24 hours of symptom onset. Therefore, to 
verify eligibility, dates and times of onset of symptoms 
and coronary care unit admission were noted as precisely 
as possible. Further details regarding patient entry proto- 
cols and the variables studied have been described: ° __ 
In the present study, subgroups of patients were ex- 
amined, based on the following variables: age, gender, 
history of congestive heart failure, history of previous MI, 





history. of hypertension, n of diabetes, among 2 at 
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ABLE! P Percentages af Patients With and Without Various Factors in the Four Six-Hour intervals of symptom Onset 
Time interval 
oe 12:01 aM- 6:01 AM- 12-01 PM- 6OLPM= S 
: L : 6AM Noon 6PM. Midnight Ses 
“Two peaks : 
Age <70 years 22.7 (28.5) 23.9 24.9 
LET Age >70 years 23.8 (26.7) 23.6 (25.9) 
“Sex (M/F) 23.0/23.1 (28.0) /(28.0) 24.4/22.2 24.6 /(26.7) 
Nonsmokers 23.4 (29.1) 23.8 24,2 
Smokers 22.6 (26.5) 24.8 (26.2) 
“Nondiabetics 22.9 (28.0) 24.4 24.7 
“Diabetics 24.1 (27.5) 20.6 (27.8) 
No’s blockers 23.2 (28.4) 23.6 24.8 
B blockers 218 (26.4) 24.9 (26.9) 
1One peak 
No Hx CHF 23.0 (28.5) 23.9 24.6 
Hx CHF 229 24.8 23.4 (28.9) 
Q-wave 23.3 (28.6) 23.8 24.3 
Noan-Q-wave 21.3 25.0 25.6 (28.1) 
No peak 
No Hx prev MI 22.2 (28.7) 23.9 25.2 
Hx prev MI 25.5 25.6 23.6 25.3 
Typical pattern 
No Hx hypertension 24.3 (27.8) 23.2 24.6 
Hx hypertension 21.3 (28.2) 24.7 25.8 













< Percentages in parentheses arè peak periods of symptom onset. 


{Adapted from Circulation. 19) 


the time of study admission, use of 8 blockers before onset 
of symptoms and infarction type (Q-wave or non-Q- 
wave). For the population as a whole and for various 
subgroups, the frequency of symptom onset was tabulat- 

ed for each hour in the day beginning | minute after the 
previous hour (i.e., 12:01 am. to 1 A.M, 1:01 AM. to 2 AM., 
ete). In addition, 4 6-ħour intervals were defined as fol- 
lows: 12:01 a.M. to 6 a.M., 6:01 a.m. to noon, 12:01 P.M. to 6 
PM. and 6:01 Pm. to midnight. 

Statistics: The distribution of symptom onset within 
< the 4 time intervals was tested for uniformity in the over- 
all population and in various patient subsets by the chi- 
-square test for goodness-of-fit. The independence of time 





: Once yee 
6 n= 4796 


o %3 





0-3 6 9 12 15 18 21 24 
Hour of-onset of myocardial infarction | 








FIGURE 1. Distribution by hour of symptom onset of myocar- 
< dial infarction for entire population. (Adapted from Circula- 
tion?) 
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CHF = congestive heart failure: Hx = history: MI = myocardial infarction; prev = previous. 











of onset from various factors was examined first with a — 
chi-square statistic computed from a 2 X 4 (with and: 
without the factor by the 4 time intervals) contingency 
table. Another test of such independence is the Mantel- 
Cox statistic from a “survival” analysis, in which the time 
of the event (onset of symptoms of MI) occurs within a 
24-hour time interval. At the beginning of the interval no 
events have occurred and by the end of the interval each 
patient has had an event. Thus, the pattern of event times 
for patients with and without a given factor can be com- 
pared. Using a similar approach, factors univariately sig- 
nificant at the p <0.1 level from this analysis were ana- 
lyzed in a multivariate Cox regression to obtain some = = 
insight into which factors independently influence the 
pattern of events (time of onset). ae 
For the entire population and certain subsets of pa- 
tients, the ratios of the percentage for the highest peak to 
the average of the percentages for remaining periods were = 
computed. ae 


RESULTS 
Entire population: The frequency of symptom onset i is 
shown in Figure 1 for all 4,796 patients. The distribution _ 
is not uniform (p <0.001) and exhibits a peak (28%) : 
between the hours of 6:01 a.m. and noon. This peak was | 
1.16 times the average of the other 3 time periods. A 
secondary peak (25%) was discernible between the hours: 
of 6:01 pm. and midnight (Fig. 1). s 
Subgroups with both morning and evening peake: ae 
Table I presents the percentages of patients—with and 
without various characteristics——with onset of symptoms 
in each of the 4 time intervals; percentages for the peak — 



















re the same size in patients >70 years of age, smokers, 
diabetics, those taking 8 blockers at time of onset and 
women. 
___ Subgroups with dominant evening peak: In patients 
with a history of congestive heart failure, the evening 
_ peak was most pronounced, with 28.9% of this subgroup 
experiencing the onset of MI from 6:01 p.m. to midnight 
(Table I, Fig. 2), whereas the morning peak was attenuat- 
ed (24.8%). Patients with non-Q-wave infarction exhib- 
ited only an evening peak (28.1%) with no morning peak 





1 Hx CHF (n = 606) 





Q 
0 3 6 9 12 #158 18 3f 24 
Hour of onset of myocardial infarction 


















0 
0 3 6 9 


Hx CHF and Non-Q Wave MI 
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periods arein parentheses. Moràing aid evening peaks 


Non-Q Wave MI (n = 832} 





Hour of onset of myocardial infarction 


35 4 Hx previous MI and present Non- Q wave MI 
(n = 286} 


12. .15. 18 21 24 
Hour of onset of myocardial infarction 


(Table L Fig. 2). The evening oak was ev mor 
marked (35.5%) in patients with a history of congestive 
heart failure in whom non-Q-wave infarction developed 
(Fig. 2). 

Subgroup with no peak: Patients with a history ol 
previous MI exhibited no discernible peak (Table I, Fi 
3). However, the circadian pattern in these patients ap 
peared to be dependent on. whether Q-wave or non-Q: 
wave infarction developed. In patients with previous in- 
farction and present Q-wave infarction (Fig. 3), the inci- 
dence was highest from midnight to 6 a.m. and decreased : 





FIGURE 2. Distribution of hours of symp- 
tom onset of myocardial infarction by 6- 
hour intervals in subgroups with dominant — 
evening peak (bar graph). Bottom, pa- 
tients with a history of congestive heart 
failure who developed non-Q-wave infarc- 
tion. The line graph shows the distribution 
by hour. CHF = congestive heart failure; . 
Hx = history; MI = myocardial infarction. 
(Adapted from Circulation. 10) 


15 18 21 24 








FIGURE 3. Distribution of hours of symp- 
tom onset of myocardial infarction by 6- 
hour intervals in patients with previous 
myocardial infarction (bar graph), and 

such patients with and without Q-wave _ 
myocardial infarction. The line graph — 
shows the distribution by hour. Hx =his- 
tory; MI = myocardial infarction. (Adapted 
from Circulation.’ 
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" (eoushowt the day, whereas in patients with previous 
-infarction and present non-Q-wave infarction (Fig. 3), 
h the incidence of symptoms was lowest at that period and 
_ then increased. 
identification of modifying factors: The distribution 
~ of time of onset within the 4 intervals was not uniform for 
women, hypertensives, diabetics, smokers and patients 
_ with non-Q-wave infarction. Uniformity was also reject- 
ed (p <0.01) for patients with a history of congestive 
_ heart failure and non-Q-wave infarction despite the small 
sample size, but could not be rejected for patients with a 
history of previous MI and present Q-wave or non-Q- 
_ wave infarction. 
_. The hypothesis of independence (lack of interaction) 
< for the time interval of symptom onset and the various 
_ factors could be rejected for history of previous MI, dia- 
~ betics and patients with non-Q-wave infarction. 
The pattern of actual infarct onset times differed for 
_ patients with a history ef congestive heart failure, smok- 
ers, patients with non-Q-wave infarction and those taking 
B blockers at the time of infarction, compared to the 
-subsets of patients without these factors. A multivariate 
--Cox regression analysis of the factors identified non-Q- 
wave infarction (p <0.01) and smoking (p <0.03) as the 
most important determinants of time of symptom onset, 
with 8 blockade of marginal importance (p <0.1). 
-y Subgroup without various modifying factors: When 
the circadian pattern was examined for the subset of 
_ patients without | of the factors (Table I), only the single 
~ late-morning peak (Table I) was evident. The subgroup 
_ of patients 70 years of age or younger and not receiving B 
- blockers (n = 2,777) showed 1 single, marked morning 
peak (29.4%) that was 1.25 times the average for the 
< other 3 time periods, uniformity rejected (p <0.0001). In 
a selected subgroup (n = 1,084) without the factors that 
` -showed either an interaction or a different pattern than 
for patients without the factor (i.e., those with Q-wave 







<35- Patients without factors (n = 1084) 








18 21 24 


0 3 6 9 12 15 
Hour of enset of myocardial infarction 


“FIGURE 4. Distribution of hours of onset of myocardial infarc- 
tion by 6-hour intervals in subgroups free from selected modi- 





| fying factors (bar graph). The line graph shows the distribu- - 


< Hon by hour. (Adapted fram Circutation.*) 
10G THE AMERICAN JOURNAL OF CARDIOLOGY © VOLUME 66 


— RING —— VARIATION 


infarction without history of previous MI, congestive 





heart failure or diabetes who were not smokers or taking — 
8 blockers at the time of symptom onset), the morning. 
period included 31.6% of all infarctions (Fig. 4, uniformi- 
ty rejected, p <0.001). The single peak was 1.39 times. 
higher than the average of the other 3 time periods: Thi 
single pronounced peak was also observed for the 28 
women (morning peak 30.2%) and for the 412 patient: 
>70 years of age (morning peak 31.8%) within this subs 
group. 


DISCUSSION : 

The present study confirms the finding of other stud- 
ies, -8 that the incidence of symptom onset is most fre: 
quent in the late morning, from 6:01 A.M. to noon, and i 
our population as a whole there is also a second, smalle 
peak in the late evening, between 6:01 p.m. and midnight z 
also in accordance with some other studies. 35-8 Only) = 
recently has it been suggested that some subsets of pa- 
tients with acute MI may not have the characteristic _ 
diurnal rhythm.” = 

Our finding of an evening peak in patients taking 6 
blockers at the time of MI is in agreement with findings in o 
the subgroup treated with 8 blockers in the Multicenter. 
Investigation of the Limitation of Infarct Size (MILIS) 
reported by Muller et al.’ However, patients receiving 8 
blockers in the present study (n = 847) showed a reduced 
late-morning peak and an equal late-evening peak, 
whereas in the MILIS population patients receiving 8 
blockers {n = 135) had the highest incidence of infarction 
onset in the late evening, but the adjacent early-morning 
peak (midnight to 6 a.m.) was nearly as high.’ In a recent o 
preliminary report from the Diltiazem Reinfarction © 
Study,’ in patients with non-Q-wave infarction (n = 540) 
and in the subgroup not receiving a 8 blocker (n = 397), 
the incidence of infarction was higher during the last 2 
quartersof the day (each 27%) than in the first 2 quarters. 
(21 and 24%), a pattern consistent with the subset 
(n = 832) in our population with non-Q-wave infarction. 

Our findings of an altered circadian pattern for patients 

over age 70, women, those with a previous MI and smok- 

ers are at odds with the results reported in the MILIS 

study; hewever, their population was age-limited and the 
subgroups analyzed were small. The findings of 2 peaks 
(morning and evening) for patients with diabetes, and. 
only 1 evening peak for patients with a history of conges-. 
tive heart failure, and that patients with a history of 
hypertension exhibit the typical circadian pattern, re- 
quire confirmation in further studies. 

Circadian patterns in selected populations: The re- 
striction of patients included in various reported studies. 
may explain some of the differences in the observed pat- 
terns of circadian variation. The 2 studies reporting a 
single peak in an entire population were in highly selected 
patient populations.+® The World Health Organization — 
reported on 8,900 patients from 19 European countries. | 
These patients were under 65 years of age and admitted _ 
before 1976, before the widespread use of 8 blockers.4 A ~ 
similar subset of our population also exhibited only 1. 
morning peak. However, some of the individual centers 
within this study did report a second evening peak, while 

















tients with modifying factors. Interestingly, centers 
with an older age distribution or more diabetics tended to 
ow the second evening peak. In the Multicenter Chest 
ain study,® the mean age was 58 years (compared to 65 
s in our population) and only a single late-morning 
k was found. The patients in the MILIS study’ were 
| ounger than 75 years of age, and among the subset 
vith no prior 6 blockade (n = 711) there appeared to be 
nly a single peak between 6 a.m. and noon. Our results 
dicate that it was probably not age that caused the 
ration of the circadian pattern, but rather the pres- 
ce f other factors that are more prevalent among older 




















Implications: Certain factors appear to modify the 
aracteristic circadian variation of infarction onset and 
_ predispose persons with those factors to experience onset 
_ of infarction later in the day rather than in the morning (6 
= AM, to noon). The second peak seen in our total popula- 
- tion appeared to reflect the presence of these persons. 
Thus, populations or subgroups free from these modify- 

y factors have only 1 distinct morning peak. Since dif- 
_ ferent times of onset may reflect pathophysiologically 
_ different mechanisms, subgroup analysis appears impor- 
‘or establishing such patterns. Therefore, future 
yses of diurnal rhythms concerned with physical and 



























rs s reported none: T hese differences could! be due w 
all sample sizes, different customs in the countries 


egarding the evening meal or a different distribution of most likely to provide further information about 


mental aa hemodynaris variations, aeutoeadoeine 
esponses and thrombotic or fibrinolytic activities seem 


pathogenesis of MI onset when carried out in well-de: 
fined subgroups of patients of adequate size. 
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Beta Blockers and the Pri mary Prevent c n of 
Nonfatal Myocardial Infarction in Patients witl 
High Blood Pressure 


- Bruce M. Psaty, MD, PhD, Thomas D. Koepsell, MD, MPH, Edward H. Wagner, MD, MPH, 
James P. LoGerfo, MD, MPH, and Thomas S. Inui, ScM, MD 





A population-based, case-control study was con- 
ted to determine whether 6 blockers, used for 
treatment of high blood pressure, prevent first 

events of coronary heart disease. Ali study subjects 

were health-maintenance organization enrollees 

__ with pharmacologically treated hypertension. Pa- 

_ tients presented in 1982 to 1984 with new coro- 

nary heart disease, and control subjects were a 

probability sample of eligible hypertensive enrollees 

free of coronary heart disease. With the investiga- 

-< tors blind to case-control status, the subjects’ med- 

ical records were reviewed for other coronary risk 

“factors, and the health-maintenance organization’s 

-computerized pharmacy database was used to as- 

_ “certain the use of 8 biockers. A larger proportion of 

-controls than cases were using blockers. This dif- 

ference was confined to the subgroup with nonfatal 

- myocardial infarctions. For current use, the esti- 

- mated relative risk for nonfatal myocardial infarc- 

-tion was 0.62 (95% confidence interval, 0.39 to 

0.99). Among current users of £ blockers, higher 

_ doses conferred greater protection. Past use and 

-total lifetime intake of f blockers were only weakly 

- associated with case-control status. The current 

-use of 8 blockers may prevent first events of nonfa- 

-tal myocardial infarction in patients with high blood 

(Am J Cardiol 1990;66:12G-14G) 
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treatment of high blood pressure, MacMahon et t 

reported a reduction of 39% in the incidence of fatal 
and nonfatal stroke. For coronary heart disease, on th 
other hand, the treatment of high blood pressure d 
creased the incidence of fatal and nonfatal events by on! 
6 and 8%, respectively. Thus, although coronary heart 
disease is the most common complication of untreated: 
high blood pressure, the pharmacologic treatment of hy- 
pertension has had little effect in reducing the incidenc 
of coronary artery disease. The trials included in th 
meta~analysis generally used a thiazide-like diuretic. In 


[ a meta-analysis of 9 randomized trials of 


the last few years, the Medical Research Council and the. . 


International Prospective Primary Prevention Study in. 
Hypertension trials have reported a reduction of coronary _ 
heart disease in selected subgroups. 23 The Metoprolol”. 


Atherosclerosis Prevention in Hypertensives Study has - 
reported a decrease in fatal coronary events in patients 


treated with metoprolol, although controversy about the 
relation of this study to the Heart Attack Primary re 
vention in Hypertensives Study persists.*+° 


METHODS 

The methods of the case-control study used in the 
current study have previously been described in detail. 
Briefly, the setting was the Group Health Cooperative of _ 
Puget Sound (GHC), a health-maintenance organizatio 
with over a third of a million members. To be eligible, 
subjects had to be enrolled in the GHC during 1982 to — 
1984 and aged 30 to 79 years. Patients were all such 
enrollees. who had physician-diagnosed high blood pres- 
sure and who presented with an incident event of coro- 
nary artery disease, either angina or myocardial infarc-_ 
tion. We identified potential cases from hospital records 
and from the death-registry files of Washington State. 
Controls also had physician-diagnosed high blood pres- 
sure, and they had no prior coronary artery disease. To 
identify potential controls, we used the computerized. 
pharmacy database, which included a record of all pre- _ 
scriptions filled by enrollees at GHC pharmacies. Select- 
ing as potential controls those patients who received me 
icines that may be used to treat high blood pressure, 
frequency-matched the controls to the cases by age, ge 
der and vear of presentation at a ratio of 3:1. For each 
case and control, we reviewed the outpatient. medical 
record to determine eligibility and to gather information 
about blood pressure, cholesterol, smoking status and 
other known risk factors for coronary artery disease. For 
hospitalized cases, we riae the inpatient n medical re- 





L - 1 Estimated Relative Risk of Nonfatal Myocardial infarction Associated with the Use of Beta Blockers 


Reference Controls 


Past or never use 
Never use 
Never use 
Never use 


Initial Adjusted 


95% Cl 


0.38-1.02 
0.39-1.13 
0.72-2.41 
0.58-1.38 


95% Cl 


The initial estimate is adjusted only for the number of days on which a patient filled a prescription for an antihypertensive medicine during the year before the index date. The adjust- 


| ed estimate is adjusted additionally for the following covariates as well: 


age, sex, year of presentation, systolic blood pressure, smoking status, cholesterol level. family history, 


“fe physical activity, number of physician visits during the year before the index date, duration of treated hypertension, length of time in Group Health Cooperative and the presence of di- 
abetes mellitus, congestive heart failure and cerebrovascular disease. Cases and controls indicate the number of subjects who entered each analysis. 


Ci = confidence interval, RR = estimated relative risk. 


cord to validate the diagnosis of myocardial infarction. 
_ We determined the use of @ blockers according to the 
: information available in the GHC computerized pharma- 
oy database. 

The primary hypothesis involved the “current” use of 
B blockers. For cases, we ascertained their use at the time 
< of their index event. For controls, we assessed their use of 
‘8 blockers at a computer-generated random date chosen 
` from the same distribution of dates as those of the pa- 
_ tients. The dose of 8 blockers was expressed as the physio- 
- logic equivalent in milligrams of propranolol hydrochlo- 
ride. The GHC pharmacy database comprises a list of 
prescriptions rather than individuals. The longer the pre- 
scription for a certain drug lasts, the fewer visits a patient 
: Each control’s probability of being sampled from 
pharmacy database depended on the frequency of 
macy visits. This differential probability of selection 
is a well-recognized consequence of sampling on visits.” 
_ Among the available methods of adjustment, we chose to 
-treat the frequency of pharmacy visits as a covariate in 
the multivariable models. All results presented here in- 
ude estimates adjusted for this visit-based sampling. In 
the analysis, we used logistic regression.’ 


: RESULTS 
The frequency matching produced cases and controls 
with comparable distributions of age, sex and index dates. 
_ For the 126 cases with nonfatal myocardial infarction, 
_ the mean untreated blood pressure was 168/104 mm Hg; 
and for the 737 controls, it was 166/104 mm Hg. The 

"average most recent blood pressure was 146/86 mm Hg 

for the cases, and 143/86 mm Hg for the controls. Cases 
~ and controls were receiving pharmacologic therapy for 

high blood pressure for an average of 7.3 and 7.6 years, 
respectively. Our data confirmed traditional risk factors 
_ for coronary disease, such as smoking and high cholester- 
: na level. 

Table I summarizes the primary results of the study 
for patients with nonfatal myocardial infarction. As pre- 
viously reported,® the estimated relative risk of nonfatal 
`: infarction associated with the current use of 8 blockers 
< was 0.62 compared with past or never use. This estimated 

- Telative risk is equivalent to a 38% reduction in the inci- 

dence of nonfatal myocardial infarction. Past use of 6 
__ blockers was associated with a slight increase in the rela- 
_ tive risk of nonfatal myocardial infarction, but the 95% 



















__ confidence interval was wide and included 1.0. Use at any 








TABLE li Estimated Relative Risk of Nonfatal Myocardial =` |. 
Infarction Associated with Current Dose and Lifetime Intake of | 
Beta Blockers 


Initial Adjusted 


Type of Dose 95% Ci RR 95% Ch 


Current dose* 
<160 mg/day 
2160 mg/day 
P value for trend? 

Lifetime intake* 
<172,800 mg 
2172,800 mg 
P value for trend 


0.40-1.13 
0.11-1.37 
0.038 


0.55-1.37 
0.43-2.42 
0.723 


* The dose is expressed as the physiologic equivalent in mg of propranolol hydro- 
chloride. For current dose, the reference group includes past users arid never users. A: 
lifetime intake of 172,800 mg is the equivalent of about 160 mg/day for 3 years. For 
lifetime intake, the reference group is never users. 

t Using logistic regression, we calculated the p value for the test for trend by the 
likelinood-ratio method. The initial and adjusted estimates are as defined in Table |. 

Abbreviations as in Table |. 


time, which included both current and past use, was only . 
weakly associated with case-control status (0.89 with 
95% confidence interval of 0.58 to 1.38). The choice of 
the reference group—either never users or the combina- 
tion of never users and past users—had little effect on the 
point estimate of the effect of the current use of 8 
blockers: both estimates of the relative risk (0.62 and - 
0.67) suggest that 6 blockers reduced the incidence of 
nonfatal myocardial infarction. 

Table If summarizes the effect of the dose of 8 blocker 
on the estimated relative risk of nonfatal myocardial in- 
farction. All doses are expressed as the equivalent in 
milligrams of propranolol. Current dose refers to the dose 
taken at the index date, and lifetime intake is the sum of 
all doses dispensed by GHC pharmacies between 1977 
and the index date for each subject in the study. -As 
previously reported, the dose-response relation for the — 
current dose is unlikely to be the result of chance alone 
(p = 0.028). This is so even after adjustment for potential 
confounders (p = 0.038). In Table II, we also report the 
effect of lifetime intake of 8 blockers. Defined as more 
than the equivalent of 160 mg of propranolol/day for 3 
years, high lifetime intake was only weakly associated: 
with case-control status, and there was no statistically: 
significant dose-response relation either before or after — 
adjustment for potential confounders. Defining the cutoff 
point for low and high lifetime intake as 116,800 and 
233,600 mg (the equivalent 160 mg of a 6 blocker/day 
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for 2 and 4 years, t 
-trivial ways. Neither lifetime intake as a continuous vari- 
_ able nor the duration of 3-blocker use was associated with 
: case-control status. 


DISCUSSION 
-< Data from our case-control study suggested that 8 
“blockers may reduce the incidence of nonfatal myocardial 
_ infarction in patients with high blood pressure. There was 
_ no apparent benefit for the outcomes of angina pectoris or 
_ fatal myocardial infarction.° In the subgroup with nonfa- 
tal myocardial infarction, the current use of 8 blockers 
appeared to be protective, and the estimated effect was 
influenced little by the choice of the reference group 
. (Table I). Moreover, the current use of high doses of a 6 
“blocker conferred greater protection than the current use 
_ of low doses of a 8 blocker. In contrast, various measures 
of a lifetime intake were only weakly associated with 
-< case-control status. 
These findings are useful for suggesting potential 
= mechanisms of action. Since 8 blockers did not prevent 
< fatal events in this study, our data provide little or no 
evidence for an antiarrhythmic mechanism. With the 
small numbers of fatal events, we did not have much 
_ power to detect a protective effect in this subgroup if it 
-were present. While a dose-response relation with lifetime 
intake would have been consistent with an antiathero- 
-sclerotic mechanism, such an association was not present 
-<in this study. In contrast, current use was important, and 
"the higher the dose, the greater the protection. This find- 
_ ing suggests the need for adequate blood levels, and it is 
consistent with several possible mechanisms, including 
- the well-known antianginal properties of 8 blockers as 
< well as their possible, but controversial, antiplatelet prop- 
erties.” Interestingly, Muller, Tofler and Stone have re- 
cently suggested that the onset of nonfatal myocardial 
infarction may be triggered by external events causing 
rupture of atherosclerotic plaques.'° The interruption of 
‘the consequences of an external trigger are also likely to 
be associated with the current use of 8 blockers in a dose- 
response fashion. 
The results of our study, a case-control study rather 

_ than a randomized trial, must be interpreted with cau- 
‘tion. We can suggest several alternative explanations for 
our findings. First, we cannot entirely exclude the role of 
chance. Second, we used data on coronary risk factors 
-savailable in the medical record, and there may be other 
unmeasured or unknown confounders. Third, from other 
"studies we know that the prognosis of compliant patients 
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is better than that of noncoítpliant patients, and o our r 
method ef sampling control subjects may have selected 
more compliant patients. Finally, we sampled controls 
from the pharmacy database, and they may also be more _ 








likely to take over-the-counter medicines such as aspirin. 


While we cannot exclude these alternative explanations, : 
our data suggest that 8 blockers prevented nonfatal in- 


farctions in patients with high blood pressure. These find- _ : 


ings need to be confirmed in other studies. 
In summary, we have used the case-control method, 
which is a statistically efficient design, to estimate thera- 


peutic efficacy. With the many new classes of agents. as 


available to treat high blood pressure—a blockers, calci- 


um antagonists and angiotensin-converting enzyme in- : 


hibitors—we are unlikely to have evidence of their effica- 
cy against major disease end points from randomized 


trials for many years, if at all. We anticipate a new oo 


generation of population- -based, case-control studies that 
compare these major classes of antihypertensive agents in 


terms of their ability to prevent cardiovascular diseasein 


patients with high blood pressure. 
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_ Epidemiologic Studies Demonstrating Increased | 
- Morning Incidence of Sudden Cardiac Death | 


Stefan N. Willich, MD, MPH 


: To determine if sudden cardiac death shows a cir- 


“gadian variation, the mortality records of the Mas- 
«sachusetts population and the Framingham Heart 
_ Study were analyzed. The Massachusetts mortality 
_ data analysis revealed an increased morning inci- 
“dence for out-of-hospital cardiac deaths similar to 
-that previously described for nonfatal myocardial 
infarction. The records of the Framingham Heart 
- Study allowed more comprehensive analysis of the 
. time of sudden cardiac death. In this study, a prom- 
inent circadian variation was also identified in 
- which frequency of sudden cardiac death increased 
_ sharply between 6 A.M. and 9 P.M.; distribution 
"was fairly even throughout the rest of the day. This 
circadian pattern may be explained in part by phys- 
~ fologic changes that increase the likelihood of ven- 
-tricular fibrillation or increase the risk of thrombo- 
sin the morning hours. The possible role of the 
rning increase in physical and mental activity as 
trigger of sudden cardiac death requires further 
investigation. 









(Am J Cardiol 1990;66:15G-17G) 
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nonfatal myocardial infarction during the late. 

morning’? stimulated investigation to determine ~ 
whether a similar circadian pattern existed for sudden. 
cardiac death. This disorder accounts for approximately 
15% of deaths in industrialized societies and is closely: 
related to the problem of nonfatal myocardial infarction, © 
Investigation of time of sudden cardiac death is complis 
cated by several obstacles. Diagnosis of sudden cardiac 
death can rarely be confirmed by objective evidence. `: 
Time of death cannot always be determined because. 
many deaths are unwitnessed and, since the victims die, 
the possibility of obtaining firsthand historical data is 
eliminated. Furthermore, since the likelihood that sudden 
cardiac death will be unwitnessed is higher during the 
night than during other times of day, many deaths occur- 
ring during the night may escape analysis, thereby creat- 
ing an artificially low frequency of events during the 
night. Finally, it is generally believed that approximately — 
one third of sudden cardiac deaths are associated with. 
acute myocardial infarction.4 Since the incidence of non- 
fatal myocardial infarction shows a circadian variation, 
this association complicates the assessment of the circadi- = 
an pattern of those sudden cardiac deaths not secondary 
to acute myocardial infarction. 


T= recent finding of an increased likelihood of 


MASSACHUSETTS MORTALITY DATA STUDY | 

The mortality records of the Massachusetts popula- 
tion were evaluated in collaboration with the Massachu- 
setts Department of Public Health to determine time of 
occurrence of sudden cardiac death in a large cohort.? In 
1983, 26,798 deaths in Massachusetts occurred due to 
disease of the circulatory system (49% of total deaths)... 
Since sudden cardiac death is not uniformly coded in the 
International Classification of Disease system, it was de- 
fined as death from cardiac disease occurring within 1 
hour after onset of symptoms. Based on retrospective © 
review and evaluation of death certificates, 2,203 individ- 
uals were identified who met the study definition of sud- a 
den cardiac death. 

The time of day of death in this population showed ¢ a 
circadian variation with a primary peak in the late morn- 
ing (from 9 to 11 A.M.) and a minor secondary peak in the. 
afternoon (Fig. 1). This circadian variation was statisti- 
cally significant (p <0.01) by applying chi-square tests- 
for goodness of fit and 1- and 2-harmonic regression 
models. There was a strong similarity between the circa- 
dian variation of sudden cardiac death and the circadian. 
variation previously described for nonfatal myocardial 
infarction.! : 

An increased morning incidence was also demon- 
- strated. for out-of-hospital cardiac deaths (as opposed to 
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: wade cardiac deaths); in- hospital cardiac deaths were 
: approximately evenly distributed over a 24-hour period. 
_ Since it is likely that normal endogenous and exogenous 
_ circadian rhythms are altered in hospitalized patients, 
one may conclude that usual (out-of-hospital) sleep/ac- 
tivity patterns are at least in part responsible for the 
increased morning incidence of sudden cardiac death. 


_ SUDDEN CARDIAC DEATH IN THE 
_ FRAMINGHAM HEART STUDY 
-= The Massachusetts Death Record Study was based 
solely on death certificates, which have certain limita- 
tions. Therefore, an analysis of time of sudden cardiac 
-death was performed in collaboration with the Framing- 
~ ham Heart Study, which provided major methodologic 
. advantages.® Briefly, in 1948 the Framingham Heart 
- Study originally included, 5,209 residents of Framing- 
- ham, Massachusetts, ages 30 to 62. All data concerning 
_ the death of an individual of this population have been 
_- routinely supplied to the Mortality Review Committee of 
_ the Framingham Heart Study, which determines the un- 
-derlying cause of death. For the purposes of a circadian 
analysis, the mortality charts of the Framingham Heart 
Study population were reviewed to identify all cases of 
: sudden cardiac death and to determine time of death. 
_ Definite sudden cardiac death was defined as out-of- 
hospital death occurring within 1 hour from onset of 
symptoms in an apparently healthy subject, if cause of 
< death could not be reasonably attributed on the basis of 
- full clinical information to a disease other than coronary 
-Artery disease. To permit inclusion of unwitnessed deaths, 
-possible sudden cardiac deaths were defined as deaths 
«that may have occurred within 1 hour after onset of 
symptoms and in which there was no apparent noncar- 
“diac cause of death. The time of death was determined on 
the basis of information from the highest ranked of the 
following sources: (1) interviews with witnesses of the 
death, (2) medical reports, (3) newspaper accounts and 
(4) death certificates. 
At the time of analysis, a total of 2,458 individuals of 
the original cohort of the Framingham Heart Study had 
died (47%). We identified 264 definite sudden cardiac 
deaths (11% of total deaths) and 165 possible sudden 
- cardiac deaths (7% of total deaths). The precise time of 
- -death could be identified for 59% of all (definite or possi- 
* ble) sudden cardiac deaths. The time of unwitnessed 
_ deaths was estimated on the basis of the most precise 
__ information available. For example, when an individual 
was found dead in bed, the probability of death was 
evenly distributed between midnight and 6 a.m. If no 
- estimate of time of death could be made, the probability 
_ of death was evenly distributed over 24 hours. Assump- 
- tions were made in a manner to decrease the likelihood of 
_ detection of morning increase in sudden cardiac death. 
Time of day of definite sudden cardiac death showed a 
: prominent circadian variation with a low frequency dur- 
: ing the night and a morning peak, as would be expected 
_ from the requirement that the deaths be witnessed. How- 
- ever, a significant circadian variation remained when the 
_ possible sudden cardiac deaths were added to the analysis 
n (Fig. 2). There. was a sharp increase in frequency of 
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‘sudden cardiac death from 6 to 9 aM, followed by an : 
almost equal distribution of sudden cardiac deaths during 


the other times of day. This circadian variation of sudden 
cardiac deaths was similar for men, women, older and. 
younger patients. 


STUDIES ON ACTIVITY BEFORE SUDDEN 
CARDIAC DEATH 


Several studies investigated the relation between ac- = 


tivity level and incidence of sudden death. Myers and. 
Dewar reported that the level of arousal and activity was. 
positively correlated with the incidence of sudden ar- 


rhythmic death.’ Other investigators reported that the 


incidence of sudden death during sleep was significantly 
below the expected incidence if occurrence of sudden 


cardiac death was randomly distributed throughouta24- K 
hour period.® Furthermore, in an investigation of young 


soldiers during World War H, sudden death from obscure 
causes occurred in many cases in association with strenu- 


ous exertion, indicating that the activity level may be- i so 


associated with increased risk of sudden death.? 
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FIGURE 1. Time of day of death of 2,203 patients who died 
of sudden cardiac death in Massachusetts in 1983. (Adapted 
from Circelation.*) 
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FIGURE 2. Time of day of all 429 definite or possible sudden 
cardiat dude that have Sccurred in Framiigioat Heart Shidy 
population. (Adapted from Am J Cardiol.°) 




















nes sadden dardak ie with a a cantly 
eased morning incidence, and suggest that the in- 





ring the morning may, at least in part, be responsible 
or the pattern. The observation that sudden cardiac 
leath is more likely to occur during the morning is com- 
tible with leading theories that sudden cardiac death 
‘may either be a consequence of myocardial ischemia,'° 
‘evidenced by pathologic findings of coronary thrombi, or 
may be the result of a primary arrhythmic event.!! Both 
‘mechanisms are more likely to occur during the morning, 
since this is a time of increased systemic arterial blood 
pressure and platelet aggregability together with reduced 
fibrinolytic activity.!? The increased catecholamine levels 
also present may reduce the threshold for ventricular 
fibrillation.'? 
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Timing and Triggers of Transient 
Myocardial Ischemia 


Michael B. Rocco, MD 


_ Use of exercise tolerance testing and new tech- 

_ niques of ambulatory electrocardiographic monitor- 
_ ing to more objectively measure myocardial isch- 

~ emia have enabled clinicians to better recognize the 
_ magnitude, timing and variable characteristics of 
transient ischemic events. These commonly occur- 
-ring events in patients with coronary artery disease 
-have a diurnal pattern strikingly similar to that re- 
ported for catastrophic cardiovascular events such 
as myocardial infarction, sudden cardiac death and 
stroke. Whether those factors that contribute to re- 
__-versible ischemic events are similar to those caus- 
jing infarction and sudden death has not been re- 

_ solved. However, the parallel increase in morning 
activity tor these related phenomena suggests that 
` a better understanding of the triggers of reversible 
_ myocardial ischemia may help improve understand- 
ing of the causes of myocardial infarction and sud- 
den cardiac death. 
(Am J Cardiol 1990;66:18G-—21G) 
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raded exercise tolerance testing has been useful in : : 
characterizing differences in the thresholds. for 


the development of ST-segment depression or o 
angina during different times of the day. Henkels et al} = 
studying patients with stable coronary artery disease who > 


discontinued antiischemic therapy, demonstrated that 


the time to development of ST-segment depression or 


angina during graded exercise was shortest in the morn- 
ing, compared to other times of the day. Yasue and col-- 


leagues,’ studying patients with variant angina, noted . . 
that subjects were more likely to develop typical ST ele- — 


vation and symptoms in the morning, compared to the 
afternoon, even though these patients were able to exer- 
cise for longer durations in the afternoon. Other studies _ 


have suggested that there is no diurnal variation in isch- - 


emic threshold measured during exercise testing in the 
morning compared to the afternoon.? However, it is im- 
portant te note that in some studies, exercise responses 
were compared while a large percentage of patients were 


taking antiischemic medication. Recent studies suggest 
that standard antianginal medication may significantly. ` 


alter this diurnal pattern.*¢ 


TIMING OF TRANSIENT MYOCARDIAL 
ISCHEMIA 


Improved techniques of ambulatory electrocardio- 
graphic monitoring have enabled us to record the fre- 


quency, timing and characteristics of transient ischemia 
occurring during routine out-of-hospital activity in pa- — 
tients with stable coronary disease. Such studies have 
demonstrated that episodes of ischemia during routine 
activity are frequent, typically asymptomatic and often 
initiated at low heart rates.™° The peak frequency and 
duration of transient ischemia has been shown to occur: 


consistently in the morning hours between 6 a.M.and noon. © : 


(Fig. 1).4!° In addition, we have shown that when the 
timing of ischemic episodes is adjusted for variable wake 
time, the greatest frequency of events is seen in the first. 
few hours after awakening (Fig. 1).!° This indicates that 
the morning increase in ischemia is more dependent on- 
factors associated with the sleep/wake cycle or activities | 
associatec with morning arousal than with the absolute a 
time of day. 


POTENTIAL TRIGGERS OF TRANSIENT 
MYOCARDIAL ISCHEMIA ; 
Attempts have been made to better understand those 
factors that precede discrete episodes of ischemia or have 
temporal patterns that mimic those of ischemic episodes. 
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_ An examination of these potential extrinsic and intrinsic 
‘triggers and physiologic events with similar timing may 
‘help us better understand the temporal distribution of 

ischemic activity. Barry et al'' examined perceived physi- 
cal activity and mental stress and its relation to transient 
chemia recorded during ambulatory monitoring. The 
majority of episodes of transient myocardial ischemia 
were preceded by possible triggering events described by 
subjects as varying from usual activity to stressful physi- 
ilor mental activity. When the duration of ischemia was 
alized for the amount of time spent in each category 

‘physical or mental activity, it was demonstrated that 

ere was a much higher likelihood of ischemia occurring 
during those activities perceived as being most physically 
r mentally engaging (Fig. 2). The mechanism by which 
nts may trigger reversible myocardial ischemia is like- 
multifactorial. 

The relative contribution of decreases in myocardial 
oxygen supply versus increases of myocardial oxygen de- 
‘mand and their roles in producing myocardial ischemia 
- have long been a subject of controversy. The precipitation 
_ of ischemia by increases in myocardial oxygen demand in 
the setting of significant obstructive coronary artery dis- 
ease is well appreciated. Only recently have we obtained a 
_ better appreciation of provoked changes in coronary ar- 


tery caliber and flow, and its possible role in producing 


myocardial ischemia. /n vitro observations and animal 
studies have demonstrated an exaggerated or paradoxical 
vasoconstrictor response when damaged endothelium is 


“exposed to substances such as histamine, serotonin or 


~acetylcholine.'?.'3 Unlike the vasodilation that is seen in 
normal human subjects during intracoronary infusion of 
= acetylcholine, patients with minimally or severely dis- 
eased coronary arteries demonstrate paradoxical vaso- 
constriction to this stimulus.'!* Therefore, circulating 
products may induce unsuspected alterations in coronary 
artery tone and flow in the patient with diseased coronary 
_ - arteries. Investigators using markers such as rubidium-82 
_ (Rb) myocardial uptake during positron emission to- 
 mography and quantitative angiography have attempted 
o- examine the effects of exertional and nonexertional 
tasks on coronary artery flow and myocardial perfusion. 
eanfield and associates!>-!6 have demonstrated a region- 


Hours from time of awakening 


FIGURE 1. The houry distribution ofthe 
number of episodes of ischemic ST-seg- . 
ment depression in 24 patients with coro- 
nary artery disease undergoing ambulato- 
ry monitoring while not taking antiisch- - 
emic medication demonstrates an in- 
creased frequency in the morning hours 
between 6 A.M. and noon (lefi. When the 
number of hourly episodes is standardized © 
according to time from waking, the peak 
frequency of ischemic episodes is noted to. 
occur in the first few hours after waking 


sponse related to the sleep/wake cycle or. 
differences in extrinsic stimuli after wak- 
ing may all contribute to this temporal pat 
tern of transient myocardial ischemia. 
(Adapted from Circulation.) ; 
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FIGURE 2. The duration of ST-segment depression observed. 














al reduction i in tayoardal perfusion (es derionisieated by 
-decreased °Rb uptake) associated with the performance 
of mental arithmetic tasks or cold forearm ice water 
_ immersion. These reductions were qualitatively similar to 
_ regional reductions in uptake associated with supine exer- 
_ cise in the same patients. Interestingly, during the nonex- 
-ercise tasks, the perfusion abnormalities were generally 
_ associated with smaller increases in heart rate and blood 
pressure than those associated with exercise. Similar 
_ characteristics were identified for spontaneous events of 
_ myocardial ischemia that occurred unassociated with 
- task performance. In addition, the simple act of smoking 
_ a single cigarette has been shown to cause a decrease in 
- ®Rb uptake at lower levels of myocardial oxygen demand 
_ (as measured by heart rate and blood pressure response) 
_ than that needed to provoke ischemia with exercise.'’ In 
_ fact, ambulatory electrocardiographic monitoring studies 
_ have demonstrated a significantly greater frequency and 
_ duration of transient ischemia in current smokers with 
_ coronary disease when compared to matched samples of 
~ nonsmokers with coronary disease.'® This further sug- 
_ gests that certain activities may precipitate vasoconstric- 
tion, impair coronary blood supply and be important in 
the onset of reversible myocardial ischemia. 
Angiographic studies that have examined the re- 
sponse of large epicardial coronary arteries to similar 
provocations support a potential relation between coro- 
"nary artery reactivity and reversible myocardial isch- 
: emia, Mental arithmetic tasks such as serial 7 subtrac- 
_ tion, forearm immersion in ice water and supine exercise 
~ have all been shown to result in a paradoxical constriction 
of irregular or stenotic coronary artery segments while 
vessel diameter is seen to increase in normal coronary 
` arteries when similar tasks are performed.!°-?! It is inter- 
esting that in the same patients, the unexpected coronary 
vasoconstriction associated with exercise parallels the re- 
“sponse to intracoronary acetylcholine infusion.’! 





PHYSIOLOGIC EVENTS DEMONSTRATING 

. DIURNAL VARIATIONS 

-> Many physiologic processes that are influenced by the 
- time of day or the sleep/wake cycle may at least partially 
_ explain the timing of transient ischemia (Fig. 3). Plasma 


and urinary catecholamines have been shown to increası 





in the marning hours soon after waking: 2 This may cause - 
the reported morning increases in systolic blood pressure, 
heart rate, noninvasive measures of cardiac output and - 
left ventricular wall stress.™™?5 These events, potentially 
enhanced by an abrupt increase in physical activity on 
waking, may result in increased myocardial oxygen de 
mand in the morning hours. Quyyumi and co-workers” 
have suggested that coronary vascular resistance may - 
follow diurnal patterns. By demonstrating that the heart ~ 
rate threshold at the development of ST-segment depres- 
sion during graded exercise was lowest in the morning — 
and late evening and that this occurred at times when | 
postischemic forearm vascular resistance was greatest, — 
the investigators were able to conclude that the temporal. > 
pattern of ischemic threshold was potentially due to diur- ` 
nal changes in coronary vascular resistance mimicking | 
those seen for peripheral vascular resistance. In addition, - 
our studies have demonstrated that patients with coro- 
nary artery disease undergoing ambulatory monitoring | 
are more likely to develop ST-segment depression when — 
their heart rates are within the threshold range for devel- 
oping ischemia during the morning hours compared to`. 
the later afternoon and evening.'® Both of these observa-.. 
tions suggest that variations in coronary artery resistance < 
and flow over 24-hour periods may result in different 
thresholds for developing ischemia at different times of 
the day. Yasue et al,” performing early-morning and 
late-afternoon angiographic studies, have reported a 
greater percent increase in coronary artery diameter after 
nitroglycerin administration in the morning compared to. 
the afternoon. This was interpreted as a sign of a greater. 
degree of coronary vascular tone in the morning com- 
pared to other times of the day. 












RESPONSE TO THERAPY 

Many studies have now demonstrated that 8 blockers: 
can be used to eliminate the morning increase of transient 
ischemia, heart rate and blood pressure measured during ae 
ambulatory electrocardiographic monitoring.*® This ef- 
fect of 8 blockers suggests a potential mechanistic rela- = 
tion between increased myocardial oxygen demand and 
diurnal variations of ischemic events. Some studies* have 

















Sleep 
Catecholamines low 
Sensitivity of resetting 
vascular receptors higher 
Coronary tone lower 
Myocardial O, demand low 
Threshold for ischemia higher 
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hiah FIGURE 3. Hypothetical mechanisms for pi 
g an altered threshold for ischemia in the 
early morning hours. Morning increases in. __ 
higher myocardial oxygen (O2) demand possibly... 
(temporarily) | related to increases in catecholamines or 
extrinsic activity and enhanced coronary 
artery tone related to a differential re- = 
higher sponse to vasoconstrictive stimuli or al- Ae 
tered sensitivity of vascular receptors like- 
ly interact to result in a lower threshold — 
high for ischemia in the morning hours. 
lower 











suggested that calcium antagonists alone are not as effec- 

-~ tive as @ blockers in eliminating this diurnal pattern. 
However, other preliminary studies® suggest that the ad- 

= dition of a blockade to less potent 6 blockade may be as 
effective at eliminating morning ischemia as the more 
potent 8 blockade alone. The effect of coronary vasodila- 
tors on diurnal patterns of myocardial ischemia needs 
further investigation. 

In addition, Gaglione et al have demonstrated that, 
in-patients with coronary artery disease receiving pre- 
treatment with intracoronary propranolol before supine 

«bicycle exercise, the vasoconstrictive response to exercise 
< at the site of arterial stenosis can be effectively eliminat- 
ed. This effect appeared to be limited to the diseased 
vessel, since propranolol did not influence the response of 
‘normal coronary arteries to exercise. This suggests that 
_ the efficacy of 8 blockers in the treatment of coronary 
artery disease may not be due solely to a reduction in 
“myocardial oxygen demand, but also to vasodilation of 
stenotic coronary arteries. Whether the same response 
would be seen with oral 8 blockers and whether 6- 
_ blocker-induced vasodilation may play a role in the elimi- 
“nation of morning increases of transient ischemia is not 
clear at this time. 

Nevertheless, these preliminary therapeutic trials sug- 

. gest that the mechanisms contributing to a morning in- 
rease in ischemic activity are likely multifactorial and 
eatment strategies may need to use combined therapy. 
he information to date suggests that 3 blockers may 
have a role in reducing morning ischemic events and that 
-longer acting or slow-release drug preparations may offer 
_ more systematic and stable pharmacologic protection 
during the increased risk period soon after waking. 


: CONCLUSION 
Transient myocardial ischemia is a frequent event in 
. patients with coronary artery disease and is most com- 
mon in the morning hours after waking. Various activities 
have been shown to adversely affect the supply/demand 
_ fatio in patients with atheromatous disease by increasing 
«< determinants of myocardial oxygen consumption or de- 
_-ereasing coronary supply, or both. The response to vari- 
‘ous stimuli may be different throughout a 24-hour time 
‘period due to diurnal variability in factors contributing to 
‘myocardial work or differences in the coronary artery 
response to vasoactive stimuli. The parallels between the 
.. timing of transient ischemia and infarction and sudden 
_ death are of interest. It is not likely, however, that platelet 
- aggregability or thrombosis play an important role in the 
-occurrence or timing of stable reversible ischemia, al- 
though these factors appear to be important in the genesis 
of catastrophic cardiovascular events. The pathophysio- 
logic mechanism responsible for transient ischemia in the 
patient with a stable coronary plaque is complex and may 
be quite different from that responsible for infarction in 
the patient with an unstable or ruptured plaque. Never- 
_ theless, a better understanding of how and when certain 
- activities trigger transient increases in myocardial work 
_ and coronary vasoconstriction may lead to improved 
methods of treatment and hla 












REFERENCES 

1. Henkels U, Blumchen G, Ebner F. Zur Problematick vone Belastungsprúfung- : 
en in Abhangigkeit von der Tageszeit bei Patienten mit Koronarinsuffizienz. Herz i 
Kreisal 1977,9:343-347. ; 
2. Yasue H, Omote S, Takizawa A, Nagao M, Miwa K, Tanaka S. Circadian `> 
variation of exercise capacity in patients with Prinzmetal's variant anginas role of. 
exercise-induced coronary arterial spasm. Circulation 1979;59:938-948, 

3. Handler CE, Scwton E. Diurnal variation in symptom limited exercise test ©; 
responses six weeks after myocardial infarction. Eur Heart J 1985:6:444--450. 
4. Imperi GA, Lambert CR, Coy K, Lopez L, Pepine LJ. Effects of titrated beta- 
blockade (metoprolol) on silent myocardial ischemia in ambulatory patients with 
coronary artery disease. Am J Cardiol 1987;60:519-824, : 
S. Mulcahy D, Keegan J, Cunningham D, Quyyumi A, Crean P, Park A, Wright 
C, Fox K. Circadian variation of total ischemic burden and its alteration with anti- 
anginal agents. Lancet 1988;2:755-759. 

6. Rocco MB, Nabel E, Mead K, Barry J, Selwyn AP. Effects of beta vs. alpha- 
beta blockade on transient myocardial ischemia (abstr). Circulation 1987761 V- 
277. 

7. Deanfield JE, Selwyn AP, Cheirchia S, Maseri A, Ribeiro P, Krikler S, 
Morgan M. Myocardial ischaemia during daily life in patients with stable angina; ~ 
its relation to symptoms and heart rate changes. Lancet 1983;2:753-758. 

8. Schang SJ Jr, Pepine CJ. Transient asymptomatic ST-segment depression 
during daily activity. Am J Cardiol 1977:39:396-402. 

9. Stern S, Tzivoni D. Early detection of silent ischemic heart disease by 24-hour 
celectrocardiographic monitoring of active subjects. Br Heart J 1974;36:481-~ 
486. 

10. Rocco MB, Barry J, Campbell S, Nabel E, Cook EF, Goldman L, Selwyn AP. 
Circadian variation of transient myocardial ischemia in patients with coronary 
artery disease. Circulation 1987,75:395--400. 

11. Barry J, Selwyn AP, Nabel EG, Rocco MB, Mead K, Campbell S, Rebecca 
G. Frequency of ST-segment depression produced by mental stress in stable 
angina pectoris from coronary artery disease. Am J Cardiol 1988;61:989> `: 
993. 

12. Ginsburg R, Bristow MR, Davis K, Dibiase A, Billingham ME, Quantitative 
pharmacologic responses of normal and atherosclerotic isolated human epicardial | 
coronary arteries. Circulation 1984;69:430-440, 

13. Ganz P, Alexander RW. New insights into the cellular mechanisms of 
vasospasm. Am J Cardiol 1985;56:1 [E-15E. 

14. Ludmer PL, Selwyn AP, Shook TL, Wayne RR, Mudge GH, Alexander 
RW, Ganz P. Paradoxical vasoconstriction induced by acetylcholine in atheroscle- 
rotic coronary arteries. N Engl J Med 1986;315:1046-1051. 

15. Deanfield JE, Shea M, Kensett M, Horlock P, Wilson RA, de Landsheere ` 
CM, Selwyn AP. Silent myocardial ischemia due to mental stress. Lancet 
1984;2:1001- 1005. 

16. Deanfield JE, Shea M, Ribiero P, de Landsheere CM, Wilson RA, Horlock 
P, Selwyn AP. Transient ST-segment depression as a marker of myocardial 
ischemia during daily life. Am J Cardiol 1984;54:1195~1200. 

17. Deanfield JE, Shea MJ, Wilson RA, Horlock P, de Landsheere CM, Selwyn 
AP. Direct effects of smoking on the heart: silent ischemic disturbances of coro- 
nary flow. Am J Cardiol 1986;57:1005~1009. é 
18. Barry J, Mead K, Nabel EG, Rocco MB, Campbell S, Selwyn AP. Smoking 
aggravates myocardial ischemia during daily life (abstr). J Am Coll Cardiol 
198831 1:204A. 


19. Rebecca G, Wagner R, Zebede T, D'Adamo A, Hanlon B, Sandor T, Ganz P, & 


Selwyn AP. Pathogenic mechanisms causing transient myocardial ischemia with =. 
mental arousal in patients with coronary artery disease (abstr). Clin Res.” 
1986;34:338A, i 
20. Nabel EG, Ganz P, Gordon JB, Alexander RW, Selwyn AP. Dilation of 
norma! and constriction of atherosclerotic coronary arteries caused by cold pressor ` 
test. Circulation 1988;77:43-52. 

21. Gordon JB, Ganz P, Nabel EG, Selwyn AP. Endothelial function influences” 
the coronary vasomotor response to exercise (abstr). Circulation 1987,76:1V-238. 
22. Turton MB, Deegan T. Circadian variations of plasma catecholamine, corti- 
sol and immunoreactive insulin concentrations in supine subjects. Clin Chim Acta 
1974:55:389-397. ; 
23. Millar-Craig MW, Bishop CN, Raftery EB. Circadian variation of blood: 
pressure. Lancet 1978;1:795-797. : 
24. Floras JS, Jones JV, Johnston JA, Brooks DE, Hassan MO, Sleight P.~ 
Arousal and the circadian rhythm of blood pressure. Clin Sci Mol Med 
1978;55:395S-397S, : 
25. Wertheimer L, Hassen AZ, Delamn AJ. The 24-hour (circadian) rhythm of © 
the cardiovascular disease. Chronobiologia 1982;9:195-201. 

26. Quyyum! AA, Panza JA, Lakatos E, Epstein SE. Circadian variation ins’ 
ischemic events: causal role of variation in ischemic threshold due to changes in. 
vascular resistance (abstr). Circulation 1988;78(suppl 2):11-331. ; : 
27. Yasue H, Touyama M, Kato H, Tanaka S, Akiyama F, Prinzmetal’ s variant : 
form of angina as a manifestation of alpha-adrenergic receptor-mediated coro- 
nary artery spasm: documentation by coronary arteriography. 4m Heart. ab 
1976;91:148-155. 

28. Gaglione A, Hess OM, Corin WJ, Ritter M, Grimm J, Krayenbuhl HP. Js 
there coronary vasoconstriction after intracoronary beta-adrenergic blockade in: 
patients with coronary artery disease? J Am Coll Cardiol 1987:10: 299-310. 


THE AMERICAN JOURNAL OF CARDIOLOGY NOVEMBER 6, 1990 21G 











"Application of Time Series Analysis t to 
Circadian Rhythms: Effect of Beta-Adrenergic 


Blockade Upon Heart Rate and 
Transient Myocardial Ischemia 


Kevin M. Coy, MD, Greg Imperi, MD, Charles R. Lambert, MD, PhD, and Carl J. Pepine, MD o 





- Circadian variations of transient myocardial isch- 
emia and heart rate have been identified, but the 

__ rhythms and their response to § blockade have not 
been fully characterized. Time-series analysis, a 

: mathematical technique to describe oscillatory ac- 

; tivity occurring within a continuous data set was 

< used, to address these issues. Nine men with coro- 
-nary artery disease underwent 72 hours of ambula- 
“tory electrocardiographic monitoring during thera- 
py with placebo or metoprolol. During administra- 

<: tion of placebo, ischemic time and heart rate 

_ showed a primary peak with a periodicity of ap- 
proximately 24 hours with a tight coupling between 


(othe 2 variables and a secondary peak with a peri- 


__odicity of 5 to 8 hours. During metoprolol therapy, 

heart rate and ischemic variation were reduced and 

_ the 24-hour periodicity for heart rate only re- 

mained. The 24-hour periodicity for ischemia was 
_ eliminated, but the data with 5- to 8-hour periodici- 
-ty became the major component of the signal. 

(Am J Cardiol 1990;66:22G-24G) 
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[ees vascular events, be they coronary or cerebral, 7 


exhibit circadian rhythmicity with an increase of oc- 


currence that begins after waking and persists for _ 


several hours. That these events predominate during this. : . 
time period suggests that the “physiologic milieu” may be 


optimal for the generation of ischemia. Adrenergic activi-. 
ty, assessed from analysis of time-related alterations in 


hemodynamic parameters! and catecholamine levels,? — n 
peaks during this same morning time period. This appar- = 
ent direct relation suggests the hypothesis that they are 


closely linked not only in time but also in mechanism. ` 
Regression analysis using sin or cosinor harmonic 
models has been applied to such periodic data by oure =. 
selves and others. These methods, however, provide only 
limited descriptive information. For this reason we used 
frequency and correlation-based techniques of time series 
analysis, which have provided useful information in the 
investigation of other time-varying or pulsatile physiolog- 


ic signals. Not only do these techniques permit identifica- = 
tion of the presence of regular oscillatory activity occur- = 


ring within a continuous data set, but they also allow 
objective evaluation of potential intervariable relations. 
Accordingly, the goals of this study were several: (1) to 
confirm the presence of circadian rhythms of transient 


myocardial ischemia and heart rate; (2) to better define o 
their frequency characteristics; (3) to examine their cou- 


pling in time; and (4) to examine the influence of the 8i- 
adrenergic nervous system on these “pulsatile” functions. 
To accomplish this we used 72-hour, high fidelity record- 
ing of ST-segment deviation, and time series analysis. 


METHODS 

A detailed description of the methods, techniques.and - 
results of time series analysis used here has been pub- 
lished in detail elsewhere. Briefly, 9 men with angio- 
graphically proven severe (>70% diameter reduction in 
at least | major epicardial coronary artery) coronary _ 
artery disease (CAD), a painless positive exercise test — 


electrocardiographic response and either absent or mini- — a a 
mal infrequent symptoms were studied. All underwent ` 


positional tests, Valsalva and hyperventilation maneu- 


vers, and none exhibited ST-T wave lability with these 
maneuvers. None were taking medications with an effect SS 
on the heart, and all had exhibited at least 10 minutesof 
asymptomatic transient myocardial ischemia on prior 


ambulatory electrocardiographic monitoring (AEM). 


The study design consisted of l-week treatment peri- : 


ods (either placebo or metoprolol) with ARM carried out 

















-= for the last 72 hours of each period using Oxford FM 
3500 series tape records. The details of metoprolol dosing 
are described elsewhere.* Ischemic episodes were defined 
-as 21 mm horizontal or downsloping ST segments, 80 ms 
fter the J point, lasting at least 60 seconds and not 
associated with symptoms as recorded in a daily diary. 


TIME SERIES ANALYSIS 

Time series analysis uses complex mathematical tech- 
-niques to describe oscillatory activity occurring within a 
continuous data set. These methods have recently been 
“applied to biologic systems, specifically the pulsatile se- 
 eretion of hormones.’ Fourier transformations analyze 
frequency components of time-related data to determine 
their relative contribution (in terms of spectral power) to 
«the data set as a whole. Autocorrelation analysis, by gen- 
erating an exact copy of the data and shifting it in time 
(lag) was used to define the presence of a periodic func- 
"tion: By definition, the autocorrelation function will ap- 
proach | at a lag that is equal to the period of the function 
~~ -(ie., 24 hours for a circadian rhythm). Finally, cross 
correlation was used to compare periodic variables. By 
_. definition, if they are identical, the cross-correlation func- 

tion will approach 1 at a lag (time delay) of 0. 


_ RESULTS 

. Raw data for heart rate and total ischemic time were 
tted as a continuum over the 72-hour monitoring peri- 
. The time series analyses before and after 8 blockade 
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are illustrated in Figures 1 and 2. During the placebo 
phase, circadian variation in heart rate was observed with | 
a periodicity of approximately 24 hours (p <0.05). A 
similar pattern, though not reaching statistical signifi- 
cance, was noted for total ischemic time. Tight coupling 
between the circadian rhythms of these 2 parameters was 
demonstrated by a highly significant cross-correlation 
function at a lag of 0. The major component (relative _ 
spectral power) of both the heart rate and ischemia sig- 
nals was concentrated at a peak of about 24 hours. Of 
note was the secondary peak in oscillatory activity found 
in the 5- to 8-hour frequency range for total ischemic 
time. 

During 6, blockade (Fig. 2), heart rate maximal and 
minimal values were markedly attenuated although the. 
spectral content was similar to the placebo period. Thus, 
although the variation was reduced, the periodicity was 
concentrated around 24 hours. Total ischemic time varia- 
tion was similarly altered during 8, blockade. The spec- 
tral characteristics, however, now suggested that the ma- 
jor component of the signal was made by persistence of 
only the lower frequency (5- to 8-hour) oscillations, as the 
prominent component that centered about 24 hours:was 
now absent. 






DISCUSSION 

Little doubt exists among investigators that promi- 
nent circadian rhythms occur for many of the manifesta- 
tions of acute ischemic syndromes. The focus of current: 
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studies has turned toward attempts at identifying the 
: underlying pathophysiologic mechanisms. Our group has 
_ focused on the common circadian rhythms noted for daily 
episodes of transient asymptomatic myocardial ischemia 
_and heart rate recorded during ordinary ambulatory liv- 
_ ing. Previous work suggests that heart rates are consis- 
tently lower just before and during transient ischemia 
-detected during ordinary daily activity, compared with 
_ ischemia evoked in the same patient during treadmill 
exercise testing.’ More definitive conclusions about 
_ heart rate and heart rate changes in relation to onset of 
-ischemia cannot be determined during AEM because ST- 
segment changes are a rather late manifestation of isch- 
< emia. Furthermore, their onset is characterized by a con- 
` tinuous rather than an abrupt change. Thus, attempts to 
relate heart rate changes and ischemia more precisely 
may be inaccurate and even misleading. For these reasons 
- the method of time series analysis was used. Our results 
. clearly demonstrate coupled circadian rhythms for heart 
~ yate-and ischemia with a periodicity of approximately 24 
- hours. Treatment with a8, blocker, which exerts a well- 
_ known beneficial therapeutic response predominantly by 
lowering myocardial oxygen demand or parameters such 
as heart rate, markedly alters the circadian rhythms of 
both simultaneously recorded heart rate and ischemia. 
. Furthermore, the temporal coupling observed between 
the same 2 circadian rhythms was abolished. 
Clearly, no direct cause-and-effect relation can be 
established from these data; however, they do imply the 
_ importance of demand-site parameters in the generation 
-of daily ischemia detected by AEM. 
-2o The observation that the ischemic episodes that cen- 
«tered about a period of 24 hours were either eliminated or 
- markedly reduced with relative sparing of episodes in the 
5. to 8-hour frequency range is interesting. One possible 
explanation may be that heterogeneity exists in the 
~ pathogenetic mechanisms responsible for these episodes 
of daily ischemia. The episodes with periodicity of 24 
hours may be more dependent on myocardial oxygen 
- demand (thus, their sensitivity to 8,-adrenergic receptor 
blockade). Conversely these episodes in the 5- to 8-hour 
_ frequency band may be more dependent on supply-side 
_ parameters, and this observation could explain their rela- 
tive lack of response to 2, blockade. 
One may further surmise considerable overlap in this 
broad categorization, with still other episodes having con- 
tributions of supply and demand in varying levels. Effects 
-of 8 blockers other than decrease of myocardial oxygen 
"demand may be of importance. Preliminary data suggest 
_ that they may have antiplatelet effects as well as effects 
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on collateral flow, which further gompicáte the issue. 
Other potential explanations for our findings include the — 
variability in sympathetic-parasympathetic balance, Vor 
the fluctuations in coronary tone that lead to alterations 2 
in ischemic thresholds.!! os 


CONCLUSIONS 

The use of prolonged monitoring periods in patients n 
with severe CAD has allowed the application of the meth- 
ods of time series analysis as originally described by Box __ 
and Jenkins.'? In addition to confirming circadian rhyth- 
micity of transient ischemia and heart rate and character- 
izing their periodicity, these methods have provided in- 
sight into the effects of pharmacologic intervention. The- 
uncoupling of transient ischemia and heart rate with 6; 
blockade should provide the impetus for further thera- = = — 
peutic trials, not only with single agents but also with 
combination therapy. The ultimate goal of forecasting > 
and controlling periodic cardiovascular ischemic events. 
should be facilitated by further application of time series i 
analysis.!? t 
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_ Because of conflicting data and a clear need to es- 
tablish the relative role of increase in myocardial 

- oxygen demand versus reduction in coronary blood 
flow in the causation of transient ischemia, the role 
of heart rate and blood pressure changes immedi- 
is ately preceding and during the transient ischemic 
events observed during daily life were evaluated in 
patients with coronary artery disease. Eleva- 
__ tions in heart rate before onset of ischemia were 
observed in 61% of the episodes. Similarly, 73% of 
_ the ischemic events were preceded by an increase 
in arterial pressure. These data provide evidence 
for a significant role of increased myocardial oxy- 
a gen demand i in the genesis of transient myocardial 
ischemia. 
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blood pressure monitorings were performed in 25. 

male patients with proven coronary artery disease 
and established history of chronic stable angina.' Patients _ 
were instructed to perform their regular activities and — 
maintain a precise record of angina attacks and nitroglyc- 
erin consumption during the monitoring sessions. Tran- 
sient ischemic events were defined using the 1 X 1X1. 
rule, which requires at least 1-mm ST-segment depres- 
sion that lasts qt least 1 minute and is separated from the. 
other events by at Teast a 1-minute interval. During a total 
monitoring period of 650 hours, 92 transient ischemic 
events meeting these diagnostic criteria were observed. 
Of these, 92% of the events were asymptomatic. Separate 
baseline heart rate and blood pressure values were calcu- 
lated during hours of ARIE awake periods by averag- 
ing all available values during a 2-hour recording period. 
free of transient ischemic activity. These baseline heart — 
rate values were then compared with the corresponding 
heart rate values at 1 minute preceding, at 1-mm ST- 
segment depression and at peak ST-segment depression 
during the transient ischemic event (Table I).4 Similarly, © 
the baseline systolic blood pressure values were compared: 
to the corresponding values obtained within 10 minutes. 
preceding, at 1-mm ST-segment depression and at peak 
ST-segment shifts. Sixty-one percent of the transient 
ischemic events were preceded by a significant increase in. 
the heart rate. The systolic blood pressure measured with- 
in an average of 6 minutes preceding the transient isch- 
emic events also showed a significant increase in 73% of _ 
the events with the available blood pressure data.' As — 
expected, both heart rate and systolic blood pressure val- 
ues increased further at 1-mm and peak ST-segment — 
depressions. These data demonstrate that increases in. 
heart rate and systolic blood pressure clearly precede the 
onset of transient ST-segment depression. Since both 
heart rate and blood pressure are major determinants of. 
myocardial oxygen demand, our data provide evidence © 
for the role of increased myocardial oxygen demand in | 
the genesis of transient myocardial ischemia during daily i 
life.! 

Our results! are similar to those reported by Quyyumi 
and coworkers,” who demonstrated that over 97% of tran- 
sient ischemic events were preceded by an increase in the 
heart rate. Similar findings have also been reported by 
Hausmann et al,? who showed that the heart rate ii 
creased >10 beats/min preceding the ST-segment de- 
pression in 95% of silent ischemic. episodes. i 

Indeed, some: episodes of transient myocardial is isc 


S imultaneous ambulatory electrocardiographic and 


-emia are not preceded by a significant increase in 
_rate or blood pressure. These events must occur asa 
of transient reductions in coronary blood flow cau 
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JE Frens Recorded Dre 24-Hour Ambulatory Monitoring | 


Transient Ischemic 
Events 





Baseline 


Daytime Nocturnal —————— 
(awake) (sleep) Before Event l-mmSTj Peak ST} 


| Heartrate 73413 5948 75417* 92+ 19* 10020" 
| Systolic BP 121415 111415 1304 18° 138.4 22* 142 + 22* 


























“*p<0,001 compared with corresponding baseline. 
The values shown are mean + standard deviation. 
BP = blood pressure; f = increasing; | = decreasing, 


: primarily by coronary vasospasm or platelet aggregates 

that may release vasoconstrictor substances. Thus, it 
would be reasonable to conclude that, depending on the 
patient population studied and the activity level preced- 
{ng the transient ischemia, an increase in myocardial 
oxygen demand or a transient reduction in coronary 
< blood supply plays a significant role in the genesis of 
transient myocardial ischemia. Although in some pa- 
- tients one or the other mechanism may play a predomi- 

nant role, it is logical to think that in most patients a 

combination of increased oxygen demand and reduced 
coronary blood flow is involved in the pathogenesis of 
_ transient ischemic activity. 


_ NOCTURNAL VERSUS DAYTIME TRANSIENT 
- MYOCARDIAL ISCHEMIA 

-Since the transient myocardial ischemia during the 
awake period usually occurs with some kind of physical 
_ activity, the pathogenetic role of increased myocardial 
oxygen demand is well accepted. However, since noctur- 
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“Blood Pressure Values at Baseline, Before Onset of ST 4 
- Depression, at 1 mm andat Peak ST-Segment Depression — a 
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Transient Ischernic Events 








Baseline Before Event 1-mm ST} Peak sT] 
Heart rate 
Daytime, 

(awake) 
Nocturnal, 
(sleep) 
Systolic EP 
Daytime, 
(awake) 
Nocturnal, 
(sleep) 






71414 76417" 94420! lolzait | 


6248 71 412* 80 + 9f 







gaia | 


122418 130+ 18* 137 + 267 1434217 | 


107 +21 118+ 22% 137 + 22* 140+ a 










* p <0.05; ' p <0.001 compared with respective baseline: ‘ difference not sani n 
cant. 

The values shown are mean + standard deviation, 9 
Abbreviations as in Table |. 























nal ischemia occurs while the patient is asleep, it is gener- 
ally believed that reductions in coronary blood flow due to. 
coronary-artery spasm play a dominant role in the genesis . 
of ischemia during hours of sleep. In a recent study, 
Quyyumi et al? have shown that, in patients with atheros 
sclerotic coronary artery disease, a vast majority of noc- 
turnal resting ischemic episodes are preceded by an in- 
crease in heart rate (Fig. 1). Although these findings do. 
not necessarily establish the role of increased oxygen de- 
mand in the genesis of transient ischemic episodes duri 
sleep, they do provide suggestive evidence. 

Since more definitive evidence could be established b 
evaluation of simultaneous changes in heart rate a 
blood pressure, we evaluated the role of such changes 
during simultaneous 24-hour electrocardiographic and 





FIGURE 1. Comparison between mean 
heart rate changes preceding and during 
painiess and painful nocturnal ischemic: 
episodes in 5 patients (A), versus the =. 
same changes during daytime painless and — o 
marara bi 11 peA pni 
(Adapted from Lancet.?) 









THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 66 


: ee pre essure shonitaring palama in patients wit 










scribed in the previous section, we compared the changes 
- im heart rate and systolic blood pressure preceding the 
-transient ischemic episodes observed during awake and 
_ sleep hours in the same patient. As listed in Table II, 
comparison of these changes between daytime and noc- 
~ turnal transient ischemic events shows a significant (p 
_ <0.05) increase in heart rate preceding the events. The 
systolic blood pressure values also show an increase, but 
“because the blood pressure values are not available for a 
large number of nocturnal episodes, these changes do not 
_ achieve statistical significance. 

The exact mechanism responsible for the increase in 
heart rate and blood pressure preceding the nocturnal 
transient ischemic events is not known. The results of 
polysomnographic monitoring suggest that disturbed 
sleep and dreams, as well as changes in posture, may play 
a role. 




















CIRCADIAN RHYTHMICITY OF TRANSIENT 
MYOCARDIAL ISCHEMIA AND THE ROLE OF 
INCREASED OXYGEN DEMAND 
- Based on the results of available studies, there remains 
little doubt that transient myocardial ischemia occurs 
with similar circadian rhythmicity as does acute myocar- 
il infarction and sudden cardiac death. Several stud- 
have shown that transient ischemic attacks show the 
iest density during the morning hours, reaching a 
eau around noon, with another peak in the late eve- 
ig hours. Although the precise mechanism responsible 
t the circadian rhythmicity of transient myocardial 
chemia is not known, several possible factors have been 
postulated. There is a parallel surge in the heart rate and 
blood pressure during the morning hours, causing an in- 
crease in myocardial oxygen demand. Similarly, myocar- 
dial contractility also increases secondary to increased 
epinephrine levels, causing a further increase in oxygen 
_ demand. Although these increases in the determinants of 
oxygen demand clearly point toward a role of increased 
demand in the pathogenesis of transient myocardial isch- 
emia, several other important possibilities exist and may 
_ play a role in the matutinal surge of transient ischemia. 
_ Increased platelet aggregability and coronary vasomotor 

- tone have been demonstrated during the morning hours 



























coronary artery disease and stable angina. In 
these patients, using the techniques and evaluations de- — 



























and may resülti in reduced coronary blood flow, Al 

the precise role of each of these changes has 
established, it is likely that a combination of these factors 
may be responsible for the circadian rhythmicity of tran 
sient myocardial ischemia. Indirect evidence available 
from some recent studies showing significant reduction in 
the morning surge of ischemia with 8 blockers suggests 
that increases in heart rate and blood pressure secondary 
to the increased catecholamine levels must play a signifi- 
cant role. r 


CLINICAL IMPLICATIONS 

This review of the role of increased myocardial oxygen: 
demand in the pathogenesis of transient myocardial isch- 
emia has significant clinical implications. If increase in 
myocardial oxygen demand, as shown by increased heart 
rate and blood pressure response preceding the transient. 
ischemic events, plays a significant role, the ideal thera-. 
peutic agent would be a -blocking agent. The adminis- 
tration of a long-acting 6 blocker providing 24-hour pro- 
tection could also prevent the morning surge in ischemic 
activity and may cause reduction in the associated cata- 
strophic events of myocardial infarction and sudden car-. 
diac death. Although definitive studies are lacking, pre- 
liminary findings of some recent studies indeed demon- 
strate the efficacy of 8 blockers in reducing the number, 
duration and the morning surge of transient myocardial. 
ischemia.®’ 
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"Mental Stress as an Acute Trigger of Ischemic 
‘Left Ventricular Dysfunction and Blood Pressure 
-Elevation in Coronary Artery Disease : 


C. Noel Bairey, MD, David S. Krantz, PhD, and Alan Rozanski, MD 





Acao mental stress may be a frequent trigger of 
transient. myocardial ischemia, myocardial infarc- 

-tion and sudden cardiac death. In an experimental 
setting, the effect of mental stress on hemodynam- 

ics and left ventricular wall motion abnormalities 

` (as detected by radionuclide ventriculography) was 
“measured in 29 patients with exercise-induced 

_ myocardial ischemia. Seventy-five percent of the 

_ patients demonstrated mental stress-induced wall 
‘motion abnormalities. Patients frequently exhibited 

_ greater increases in peak systolic arterial pressure 

during mental stress than during exercise. 

i Personally relevant mental stress is the most po- 

tent type of mental stress, both in terms of fre- 

< quency and magnitude of ischemia. Most mental 

_ stress-induced ischemic episodes are clinically and 

_ electrocardiographically silent and occur at heart 

rates significantly lower than those seen during ex- 

_ercise. Both systolic and diastolic blood pressure 

increased during mental stress-induced ischemia, 

“suggesting that increased myocardial oxygen de- 

_mand plays a role in the pathophysiology of mental 

‘stress-induced transient ischemia. The significant 
magnitude and acute onset of this mental stress-in- 

duced blood pressure elevation may in some man- 

: ner contribute to atherosclerotic plaque rupture. 

| These findings may provide a pathophysiologic link 
to the epidemiologic association between mental 

-stress and acute ischemic coronary events. A new 

ambulatory radionuclide detector that can concur- 

- rently monitor left ventricular ejection fraction and 

_ electrocardiographic ST-segment change may en- 

-- hance the detection and evaluation of transient 

_ myocardial ischemia in ambulatory coronary pa- 
tients. 
— (Am J Cardiol 1990;66:28G-31G) 
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medical communities that mental stress canbe a 


T= is a common perception within the lay and 


precipitant of acute myocardial ischemia and cor- — 
onary events. For instance, anecdotal reports such as the 


following abound: “A physician, 53 years old, who had o 


suffered a myocardial infarction a couple of years earlier, 
reacted with outrage when told by his chief that he was 
not to be the choice to succeed him. He soon composed 
himself, but 4 days later, a few hours after a chance 


meeting with the chief, he again became angry in the _ -o 
presence of witnesses; he collapsed and died but not be- 


fore an electrocardiogram had shown ventricular fibrilla- 
tion.””! 
Although some epidemiologic studies support the no- 


tion of an association between heightened mental stress ae 


and ischemic cardiac events, these inquiries have not 
been definitive nor have they helped to identify the patho- 
physiology by which this occurs. 

Recently, new technologies have given investigators 
the opportunity to study the relation between mental 


stress and ischemic cardiac events more closely. Studies 


using ambulatory ST-segment monitoring suggest that — 
mental stress may play an important role in transient 
myocardial ischemia: Barry et al* have observed a pro- 
pensity toward more frequent ischemia when mental 


stress is intensified during daily activity; and Freemanet _ 


al? report similar findings. 

Multiple studies of transient ischemia during ambula- 
tory monitoring have disclosed that most ischemic epi- 
sodes are silent; they occur at relatively low heart. rate 
elevations, compared to exercise heart rates; they exhibit 
a characteristic circadian rhythm; and they vary greatly 
in frequency over time.® These characteristics parallel 
aspects of mental stress encountered in everyday life and 


suggest that such stress may trigger transient myocardial _ a 


ischemia. 


STUDY DESIGN 


Using a controlled experimental setting, we designed 


a protocol to assess the role of mental stress as a precipi- 


tant of ischemic left ventricular (LV) dysfunction i in pa- . ie 
tients with coronary artery disease (CAD).’ Usingradio- — 
nuclide ventriculography as a sensitive indicator of isch- = 


emia, we evaluated 39 patients with CAD for exercise- 


induced ischemia, as evidenced by electrocardiographic 
or radionuclide imaging techniques, or both. We found  — 
that 29 patients had exercise-induced ischemia and 10did 


not. A control group of 12 subjects had no clinical or 
exercise test evidence of CAD. i 











groups underwent maximal bicycle exercise testing, 
ded by 4 sequential mental tasks: (1) math test— 
serial subtractions of the number 7 from a 4-digit num- 
ber, with periodic criticism and a metronome ticking 
- loudly in the background; (2) Stroop color-word test—a 

rapid slide presentation of different names displayed in 
ifferent colors of ink, with instructions to report the color 
ind not the written name. Patients were frequently told 
hey were incorrect or that they were not responding 
quickly enough; (3) speech test—giving a 5-minute im- 
promptu speech regarding one’s personal faults or unde- 
irable habits, in front of 2 observers; and (4) reading 
ẹst-—reading out loud from a paper on a neutral topic. 
This was a control task for the physical act of speaking. 
- Radionuclide ventriculograms, heart rates, blood 
pressure measurements and 12-lead electrocardiograms 
. were obtained during testing. The radionuclide ejection 
fractions were calculated by an experienced operator.* 
_LV wall motion was scored by 2 experienced observers 
_ who were blinded to the clinical data and the order of 
| images used for testing. 


RESULTS 

Overall response to mental stress testing is shown in 
k Figure 1. Twenty-one (75%) of the 29 patients with CAD 
and exercise-induced ischemia had corresponding mental 
tress-induced ischemia, as evidenced by wall motion ab- 
rmalities. This percentage contrasted strikingly with 
th normal control subjects and those patients with 
AD but without obvious evidence of exercise-induced 
ischemia. The magnitude of wall motion abnormalities 
induced by the “worst” mental tasks was substantial in 
hat it was comparable to that induced by exercise. (The 
peech task was designed to be the most “personally rele- 
ant,” and it was the most potent in terms of frequency 
and magnitude of all ischemic indicators.) 
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FIGURE 1. Wall motion abnormalities during mental stress 
testing. Percentage of patients experiencing mental stress-in- 
duced wall motion abnormalities. Twenty-one (75%) of the 29 
patients with exercise-induced ischemia had wall motion ab- 
na es during mental stress, in striking contrast to the 
en i en Soe (CAD) ent ener 





After initial baseline parameters were determined, 


_ (DBP) measurements were higher for mental tasks than for- 
: Serie (dantad irons N Engt Med) F 
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Of the 39 patients with CAD, with or without \ 
motion abnormalities, 14 (36%) had LV ejection. f - 
tions that decreased significantly (>5%) during mental 
stress. Ejection fractions did not. decrease in the control 
group. These results demonstrate that mental stress can 
be a potent trigger for significant ischemic LV dysfunc- 
tion in patients with CAD. 












MENTAL STRESS-INDUCED ISCHEMIA 

Of the 21 patients with wall motion worsening during 
both mental stress and exercise, only 4 (19%) had chest 
pain during mental stress-induced ischemia, compared 
with 10 (48%) during exercise. We found that electrocar- 
diography was an insensitive detector of ischemia com 
pared to radionuclide ventriculography. Among the 21 
patients with mental stress-induced wall motion worsen- 
ing, only 6 (29%) had significant concurrent ST-segment 
depression. These results mirror exercise test results in. 
which radionuclide indexes were found to be more sensi- 
tive than electrocardiography for detecting ischemia.? _ 

Our laboratory protocol provided the unique opportu- 
nity to further assess some of the “demand” aspects of 
transient ischemia induction. Peak heart rates obtained. 


































* p< 0.05 vs mental tasks 
** p< 0.05 vs math and speech 
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FIGURE 2. Hemodynamic responses (mean + standard devi- 
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vated during mental tasks and that diastolic blood pressure : 











| TABLE E Mental Stress-Induced LV Dysfunction Assessed by 
; Dere Modalities 


Measure(s) 
Assessed 














| investigators Modality 











| Rozariski et al’ 





Radionuclide LV wail motion, 

| re ventriculography LVEF 
_Breisbiatt et al? Ambulatory radionuclide LVEF 

qe moniter (VEST) 

‘1 La Veau et al!! Nuclear probe (nuclear LVEF 

ae stethoscope) 

‘L-Gottdiener et al!? Echocardiography LVEF, 
; LV wall motion 
< EF = ejection fraction; LV = left ventricular. 


‘during the performance of mental tasks, while signifi- 
cantly elevated from baseline conditions, were much low- 
er than heart rates obtained during exercise (Fig. 2). This 
‘result, along with the “silent” nature of mental stress- 
‘induced ischemia, parallels the characteristics of tran- 
‘sient ischemia that were noted during ambulatory ST- 
segment monitoring. 

Evaluation of acute biood pressure changes, not gen- 
erally possible during ambulatory electrocardiography, 
‘revealed significant elevations in systolic blood pressure 
during mental stress, often comparable to those elicited 
during exercise. Sixteen of 39 (41%) of the CAD patients 
achieved peak systolic blood pressure values during men- 
tal stress that were higher than those achieved during 





sie REST EXERCISE 





REST MENTAL 
TASK 


o—oO SBP 
e—e DBP 


Patient: H.H. 








_ FIGURE 3. Patient example of acute mental stress-induced 
_ blood pressure elevation as compared to blood pressure eleva- 
_ tion during exercise. During the mental task (speech), peak 
_ SBP, DBP and the corresponding net changes were higher 
_ during mental stress than during maximal exercise. These he- 
_modynamic changes were accompanied by the development of 
- ventricular septal wall dyskinesis and a significant decrease in 
_ left ventricular ejection fraction during mental stress. Abbrevi- 
ations asin i Figure 2: 
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maximal exercise. Further, diastolic blood pressure elev: 


tions were: consistently greater during mental stress test- 
ing than curing exercise. An example of mental stress-. 
induced blood pressure elevation is shown and contrasted. 
to blood pressure changes during exercise in Figure < 
Thus, although heart rates were relatively low during 
mental stress testing, another important determinant | 
myocardial oxygen demand—arterial blood pressüre— 
was significantly elevated. a 


Since our initial report,’ other investigators have dem- 


onstrated mental stress-induced LV dysfunction using | 
techniques such as ambulatory radionuclide. monitor- 
ing,!® a nuclear probe!! and echocardiography'? (Table 
I). Investigators using test protocols and laboratory set- = 
tings similar to ours report a comparable frequency and 
magnitude of mental stress-triggered LV dysfunction, 


thus confirming our findings of the high frequency of a 


mental stress-induced ischemia in coronary patients with 
exercise-induced ischemia, its “silent” nature and the rel- 
ative insensitivity of electrocardiography as a laboratory 
measure of myocardial ischemia during mental stress 
testing. 

Until recently, it was not possible to extend the labora- 
tory investigation of myocardial ischemia by radionuclide. . 


techniques to the ambulatory setting. Now, however, an’. 


ambulatory radionuclide detector (the VEST, by Capin- 
tec, Inc.) has been developed for continuous ambulatory - 
monitoring of LV ejection fractions. The VEST consists 
of a single sodium iodide detector that measures LV 
counts every 31 ms during the cardiac cycle. Since counts. 
are proportional to volume, beat-by-beat time-activity_ i 
(volume) curves can be generated to calculate LV ejec- 
tion fractien. me 
We have demonstrated that reproducible measure- 
ments of LV ejection fraction can be obtained using the `- 
VEST during repetitive physical exercise.'? We have also 
recently used this device to evaluate LV ejection fraction _ 
response in normal subjects during daily activities.'4 LV 
ejection fraction response appears to differ among vary- 
ing stimuli, with predominant increases during physical 
forms of exercise and modest changes (including de- 
creases) durng mental stress, micturition and hyperventi- 
lation in ncrmal subjects. These changes are in part relat- 


ed to heart rate and blood pressure change; however, 


other facters, such as neurohormonal regulation, may . 
also play a role. In patients with CAD, combined ambula- 


tory monitoring of both the ST segment and LV ejection. 
fraction could enhance our ability to detect and study | i 


transient myocardial ischemia. 


Acknowledgment: We are grateful to Ann Cum- 


mings for her expert manuscript preparation. 


REFERENCES r 
1. Engel GL. Sudden and rapid death during psychological stress. Ann, Intern 

Med (97);74:7971-782. AS: 
2. Katsouyanni K, Kogevinas M. Trichopoulos D. Earthquake-related stress and, Es 
cardiac mortality. {nt J Epidemiol 1986,15:326-330. ; 
3. Theorell T, Eind E, Floderus B. The relationship of disturbing life-changes and: 


emotions to carly development of myocardial infarction and other serious Hnesses. 














pidemiol 197544: 2i- 293. 2 
y J, Selwyn AP, Nabel EG, Rocco MB, Mead K, Campbell, Rebecca A 
uency of ST-segment depression produced by mental stress instable angina 
: s from coronary artery: disease. Am. J Cardiol 1988;61:989-993. 
teeman LJ; Nixon PGF, Sallabank P, Reaveley D: Psychological stress and 
silent: myocardial ischemia. Am Heart J 1987;114:477-482. 
 Rozanski A, Berman DS. Silent myocardial ischemia. l. Pathophysiology, 
frequency of occurrence, and approaches toward detection. Am Heart J 1987; 
4:614-626. 
Rozanski A, Bairey CN, Krantz. DS, Friedman J, Resser KJ, Morell M, 
ilton-Chalfenn S, Hestrin L, Bieatendorf J; Berman DS. Mental stress and the 
uction of silent myocardial ischemia in patients with coronary artery disease. N 
Engl J Med 1988;318:1005-1012. 
8. Maddahi J, Berman DS, Diamond GA, Shah PK, Gray RJ, Forrester JS. 
valuation Of left ventricular ejection fraction and segmental wall motion by 
“¢ultiple-gated equilibrium cardiac blood pool scintigraphy, In: Cady LD Jr, ed. 
imputer Techniques in Cardiology. New York: Marcel Dekker, 1978:389-416. 
« Rozanski A, Berman DS. The efficacy of cardiovascular nuclear medicine 


“Semin Nucl Med 1987; 27104120.. 


“1140. Breisblatt WW, Weiland FL, McLain JR, ‘Tomfinson Gc, B 


eavento LJ. Usefulness of ambulatory radionuclide monitoring of le ventr 
function early after acute myocardial infarction for predicting residual ‘myoca 

al ischemia. Am J Cardiol 1988;62:1005~1010. : : 

21. LaVeau PJ, Rozanski A, Krantz D, Cornell CE, Cattanach L Zara L 
Wackers FJT, Transient teft ventricular dysfunction during provocative mental 
stress in patients with coronary artery disease. Am Heart J 1989-1 181-8, 

12. Gotidiener JS, Krantz DS, McGee A, Oleshansky M, Myerhoff J; Raisen’ 
Rozanski-A. Echocardiographic assessment of mental stress-induced wall motion. 
wae comparison with exercise (abstr). J Am Coll: Cardiol 1989: 
13:158A. 

13. Yang LD, Bairey CN, Berman D, Resser K, Nichols K, Rozanski A. Ambu 
latory left ventricular function monitoring: are the ejection fraction measurement 
reproducible? J Am Coll Cardiol 1989:13:96A. 

14. Bairey CN, Yang LD, Berman DS, Roy L, Suyenaga K, Tapnio P; Rozansk 
A. Comparison of physiologic ejection fraction responses to activities of dail 
living: implications for clinical testing. J Am Coll Cardiol 1990:in press: < 






























The phenomenon of transient myocardial ischemia 
‘is common in patients with stable coronary disease 
_and appears to be due both to increases in myocar- 
dial demand and to episodic coronary vasoconstric- 
tion. The circadian variation of transient ischemic 
_ episodes closely parallels the circadian variation of 
: acute coronary syndromes associated with plaque 
rupture, such as myocardial infarction and sudden 
death. These concordant temporal patterns of tran- 
‘sient ischemia, myocardial infarction and sudden 
cardiac death probably represent independent man- 
_-Hestations stemming from the consequences of in- 
creased sympathetic activity. 
(Am J Cardiol 1990;66:32G-36G) 
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cance of the temporal pattern of occurrence of 

transient ischemic episodes in patients with stable 
angina and to explore the relation between episodes of 
reversible myocardial ischemia and the irreversible disor- 
ders of myocardial infarction and sudden death. 


T= purpose of this review is to explore the signifi- 


TEMPORAL PATTERN OF OCCURRENCE OF 
AMBULATORY TRANSIENT ISCHEMIA AND 
IMPLICATIONS CONCERNING 
PATHOPHYSIOLOGIC MECHANISMS 

There-has been a remarkable concordance of observa- 
tions concerning the temporal distribution of ischemia 
during ambulatory activities, with a peak occurrence as 
observed by Rocco et al! and others’-¢ in the morning — 
hours after awakening. The frequency of ischemic events 
remains high during the day, becomes less during the 
evening hours and decreases again during the hours of = 
sleep. This temporal pattern of occurrence very closely... 
parallels the temporal pattern of heart rate and blood — 
pressure observed during a 24-hour period (Fig. 1)’ and 
may indicate that increases in heart rate, blood: pressure ; 
or myocardial contractility—determinants of myocardial _ 
oxygen demand—are responsible for the provocation of 
ischemic episodes.’ Other physiologic processes display a = 
prominent circadian variation, however, and may also 
contribute to the provocation of ischemia." Resting coro- 
nary tone, for example, is highest inthe morning and less = = 
intense at night,’ suggesting that episodic coronary vaso- © 
constriction may also contribute to the process of isch- 
emia. Episodes of increased heart rate in the morning are 
significantly more likely to result in ischemia than are 
similar increases that occur in the afternoon or at night.! 
Support for the varying contribution of coronary tone to 
the ease of provocation of ischemia throughout the day — 
comes from a recent preliminary report by Quyyumiand  — 
colleagues! that the exercise time to development of 1- 
mm ST-segment depression among patients with stable- 
angina is significantly shorter in the morning than inthe 
afternoon, and is associated with an-increase in systemic. 
vascular resistance in the morning compared to the after- 
noon. Furthermore, episodes of ischemia during outpa-. | 
tient ambulatory activities have consistently been shown 
to occur at a lower heart rate than a similar degree of 
ischemia observed during a supervised exercise test, p13 
suggesting that the threshold of myocardial oxygen de- 
mand at which ischemia develops throughout the day 











ary, presumably due to varying coronary vasomotor 






There are many physical and emotional activities that 
cur during the waking hours that may contribute to the 
observed circadian variation of transient myocardial isch- 
emia by their effects on both myocardial oxygen supply as 
well as oxygen demand (Fig. 2). Quantitative angio- 
_ . graphic studies have demonstrated that isometric or dy- 
namic exercise, activities characteristically considered to 
provoke episodes of ischemia by increasing oxygen de- 
mand, also may predispose to the development of isch- 
_emia by causing significant vasoconstriction in a coronary 
artery with atherosclerosis.'+!5 Mental! stress and ciga- 
- rette smoking, which are potent stimuli leading to myo- 
cardial ischemia,'* €19 are also associated with both in- 
„creases in myocardial oxygen demand and decreases in 

.. oxygen supply. Although systolic blood pressure may in- 

_ crease in response to mental stress and cigarette smoking 
tothe same degree as during exercise, the increase in 
heart rate in response to mental stress in some studies is 
«significantly less than that observed during exercise test- 

(> ing.!7-19 Specchia and colleagues,2° however, observed 
that the double product at the onset of ischemia was the 
same regardless of whether it was induced by mental 
_ arithmetic or physical exercise, suggesting that coronary 
‘vasoconstriction need not be implicated in the process of 
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mental stress-induced ischemia. These-investigators no 
ed, furthermore, that the subset of patients with stable 
coronary disease who developed ischemia after mental 
arithmetic also developed a higher peak double product 
after mental stress and a shorter exercise duration than 
those who did not develop ischemia after mental stress, 
and suggested that these patients exhibited a more gener- 
alized heightened sympathetic response to both stimuli.. 
Clearly, both increases in myocardial oxygen demand 
(increases in heart rate and blood pressure) and decreases. 
in myocardial oxygen supply (episodic vasoconstriction). 
contribute to the pathogenesis of transient myocardial 
ischemia during routine ambulatory activities. 
The circadian pattern of transient myocardial isch- 
emia also parallels the circadian pattern of platelet aggre- 
gability,*! suggesting that transient platelet aggregates. 
may be related to episodes of ischemia (Fig. 3). However, 
in patients with stable coronary disease, interventions 
that reduce platelet aggregability (e.g., ticlopidine) have 
not been shown to reduce episodes of ambulatory isch- 
emia,’ and, conversely, interventions that reduce epi- 
sodes of ambulatory ischemia (e.g., metoprolol) do not 
alter the morning increase in platelet aggregability (Fig. 
3).4 Although platelets are clearly central to the patho- 
physiology of unstable angina and acute myocardial in- 
farction, syndromes that are associated with a ruptured 
atherosclerotic plaque and superimposed thrombus for- 
mation, they do not appear to contribute to the manifes- 
tations of stable coronary disease. 
Further insight into the mechanisms responsible for. 
transient myocardial ischemia can be gleaned from the 
studies of pharmacologic therapy to treat such episodes. 
Beta-adrenergic blockers have consistently been found to 
significantly reduce the frequency and severity of tran- 
sient silent ischemia,*>.*3-27 yet 8 blockers that have in- 
trinsic sympathomimetic activity and, therefore, do not 
reduce the heart rate, are significantly less effective in 
treating transient ischemia than are 8 blockers that do 
not have intrinsic sympathomimetic activity.?> Diltiazem, 
which is also associated with a reduction in heart rate,2°2? 
has been found to reduce episodes of transient isch- 
emia,”°-?8 although the reduction in heart rate and isch- 
emic episodes is less than that seen with a 8 blocker.” The 
short-acting formulation of nifedipine, which is associ- 
ated with a reflex increase in heart rate, has not generally 
been effective in the treatment of transient ischemic epi- 
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FIGURE 2. Effects of routine daily activities on the myocardial 
oxygen (02) supply:demand balance. BP = hood prosauror 
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n used al 
dies suggest that, although episodic vasoconstriction is 
ortant in the mechanism of transient ambulatory 
ischemia, a reduction in heart rate and presumably myo- 
ial oxygen demand, is particularly important to re- 

¢ the frequency and severity of ischemia. 


RELATION OF TRANSIENT ISCHEMIA TO 
OCARDIAL INFARCTION AND SUDDEN 


“There is a remarkable similarity between the circadi- 
pattern of episodes of transient ischemia and that of 
tal and nonfatal myocardial infarction, sudden death 
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er these patterns reflect independent consequences. o 
same underlying pathophysiologic process, or- 

these patterns are causally related (Fig. 5). è Beta 
nergic activity, which increases in the morning after a 
sumption of upright posture’? and which increases fur- 
ther in response to physical or mental stress, may cause 
the increase in myocardial oxygen demand that leads to 
the manifestations of transient ischemia. Episodic vaso- 
constriction due to the intrinsic diurnal variation of coro- 
nary vasomotor tone or to the vasoconstrictive effects of 
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FIGURE 5. Triggering of acute cardiovascular events. Surges 
of sympathetic activity may lead to episodes of transient isch- 

emia and may also lead to plaque rupture, which in turn leads 
=+. to coronary thrombosis. See text for discussion. Mi = myocar- 
1i dial infarction; SCD = sudden cardiac death; other abbrevia- 
tions as in Figure 2. 
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frequent extrinsic activities, such as physical or mental 

stress or cigarette smoking, may further imbalance the 

-> -myocardial oxygen supply:demand relation and promote 
development of transient ischemia. 

The same circadian distribution of increased sympa- 
thetic activity may exert a very different effect on a 
“vulnerable atherosclerotic plaque (Fig. 5). The increases 

heart rate, blood pressure and myocardial contractility 
ay physically stress a plaque, as may the increased local 
orces exerted on the plaque due to vasoconstriction. 
These physical stimuli may lead to fissures in the cap of a 
< vulnerable plaque, which then exposes collagen and other 
plaque contents that form the substrate for thrombus 
formation. The degree of platelet aggregability and coag- 
ulability at the time of plaque rupture may importantly 
influence whether the plaque fissure leads to occlusive 
thrombus formation or whether the fissure reseals with- 
out leading to a cardiac event. 
Surges in sympathetic activity may also increase co- 
< agulability, as indicated by studies showing increased 
-platelet deposition on damaged vessel walls after an infu- 















animal model” and by increased platelet aggregability 

“with assumption of upright posture in man.”? Thus, 

plaques that rupture in the morning may be more prone 

to the development of an occlusive superimposed throm- 

bus, whereas plaques that rupture at other times of the 

day may be more likely to develop a subclinical mural 
thrombus. 

There is no proof at this time that there is a direct or 
causal relation between episodes of ambulatory ischemia 
and development of plaque rupture and occlusive coro- 
nary thrombosis. Episodes of transient ischemia may lead 
to sudden death, however, by precipitating arrhythmias. 

__ ». The common association between transient ischemia and 
_.- myocardial infarction, therefore, appears to be the surges 
in. sympathetic activity that occur throughout the day. 

< Thus, 8 blockers may be useful to treat or prevent both 
-the reversible and irreversible manifestations of coronary 

< disease, although the mechanism of benefit may be dif- 
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sion of physiologic doses of epinephrine in an in vivo ` 





ferent for the different disease manifestations. For pa 
tients with stable coronary disease, 8 blockers: may. pre 
vent the increases of myocardial oxygen demand and, toa 
lesser degree, the coronary vasoconstriction due to in 
creased sympathetic activity, and may thereby prevent- 
episodes of ambulatory ischemia. Beta blockers may also © 
prevent myocardial infarction and sudden death by pre- 
venting the physical stresses that trigger rupture of the 
plaque and stimulate the coagulation system. 
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Cause of Thrombosis in 
Human Atherosclerotic Arteries 


Paris Constantinides, MD, PhD 


Although it has been known for a long time that 


thrombosis nearly always develops in athero- 
sclerotic arteries—and almost never in normal 


- - vessels—the mechanism through which atheroscle- 


- < rosis promotes thrombosis was unknown until this 
«problem was explored through histologic examina- 
tion of complete serial section sets of thrombosed 
- atherosclerotic arteries. These studies, repeatedly 
confirmed, revealed that the thrombi are triggered 
' by microscopic cracks in the collagen cap of ad- 
vanced plaques. Blood most often seeps from the 
arterial lumen through the cracks into the underly- 
-ing lipid gruel before the breaks or cracks are 
plugged by the thrombi (which function as hemo- 

-static seals of the breaks). These results are paral- 
lel to results of experimental studies in which the 
synergism of endotheliotoxic and pressor agents 
produced thrombi over cap breaks and sub-break 
hemorrhages only in arteries with advanced colla- 
gen-rich plaques, not in arteries with early athero- 
_ sclerosis or in normal vessels. This finding indicates 

. that advanced atherosclerosis makes the arterial 






wall much more fragile and that, once broken, this 


_ wall exposes the blood to powerful thrombogenic 
materials that do not exist in normal arterial tissue. 
-At present, human and experimental evidence sug- 
-gest that the thrombogenic fissures of advanced 
plaque caps can be promoted by several factors, 








< such as a surge in intraarterial pressure or insults 

that damage the caps structurally and increase 

.. their vulnerability to any type of stress such as cer- 
tain metabolic, exogenous chemical and immune in- 


_ sults, spontaneous molecular changes of collagen 
-with time and hemorrhages of capillaries that in- 
-vade advanced plaques from the adventitia or the 
_ arterial lumen. 
~ (Am J Cardiol 1990;66:37G—40G) 
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À N [hen we first became interested in this subject in - 
the late 1950s, it was known that thrombosis 
almost always develops in atherosclerotic 
arteries—and almost. never in normal vessels—but the 
mechanism through which this occurs was unknown and 
therefore subject to much speculation. In the small num- 
ber of cases in which thrombi developed over ulcerated 
plaques and the whole cap was blown off and blood clot- 
ted over the crater, it was not difficult to understand the 
process. But in most cases the thrombus developed over à 
plaque with a seemingly intact fibrous cap and, most 
frequently, a mysterious hemorrhage in the underlying 
lipid gruel, as first pointed out by Paterson! (Fig. 1). 
Three main theories attempted to explain the thrombosis. 
over the intact but most frequently hemorrhagic plaques. 
These were the theory of stasis, the theory of systemic 
hypercoagulability and the theory that the thrombi result 
from the hemorrhage of capillaries that invade the plaque 
directly from the lumen. All 3 were incompatible with 
known facts. The stasis and hypercoagulability theories 
could not explain the intraplaque hemorrhages, and, 
moreover, when extreme systemic hypercoagulability 
was produced experimentally, it caused thousands of little 
thrombi in the capillaries and venules of various viscera— 
not a single thrombus in a single artery over a single 
plaque. Finally, the luminal capillary hemorrhage theory, 
which proposed that thrombi are caused by the rupture of 
thin-walled lumen-derived capillaries because they. are 
directly exposed to the high pressure prevailing within the 
lumen,' could not be reconciled with the fact that most 
plaques are capillarized from the adventitia rather than 
from the lumen, among other things. 

In the early 1960s we succeeded in producing highly 
advanced atherosclerosis in rabbits through the intermit- 
tent hyperlipemia technique, a procedure that allowed 
the animals to develop all features of human end-stage 
plaques, down to their last anatomic detail (incl uding 
thick collagenic cap, massive calcified lipid gruel with 
cholesterol crystals and ceroid, destruction of the media 
and invasion of the plaque interior by the vasa vasorum 
from the adventitia) within a year or less.? We also found 
that in such animals we could produce thrombi over hem- 
orrhagic plaques by injecting them with a combination of 
an endotheliotoxic agent (Russell's Viper Venom) and 
vasoactive agents such as epinephrine, norepinephrin 
angiotensin, serotonin or pitressin. Histologic examin 
tion suggested that (1) most of these hemorrhages were 
due to breaks of the plaque surfaces that allowed blood to 
rush from the lumen into the plaque interior, and 2) the 
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thrombi represented hemostatic seals over these surface 
breaks. A fascinating observation was that these experi- 
mental thrombi could be produced only in arteries with 
advanced fibrous (collagen-rich) atherosclerosis, never in 
normal vessels or even in arteries with early lesions. We 
therefore concluded that advanced atherosclerosis 
changes the arterial wall, making it much more fragile, 
and that once broken, the atherosclerotic wall exposes the 
blood to large amounts of powerful thrombogenic materi- 
als (such as collagen) that are not present in the normal 
arterial tissue. 

To find out whether thrombosis in human atheroscle- 
rotic arteries is triggered by breaks of plaque surfaces, as 
in our atherosclerotic rabbit experiments, in 1963 we 
examined complete serial section sets (1 section every 7 
4) from the beginning to the end of the entire thrombosed 
segment of 20 consecutive coronary artery thrombosis 
cases coming to autopsy in St Louis,>4 and later of 10 
consecutive cerebral artery thrombosis cases in Vancou- 
ver. After examining more than 50,000 sections we 
found that in both coronary and cerebral arteries: (1) all 
thrombi were caused by cracks of plaque surfaces (Fig. 
2), and (2) most major hemorrhages in the plaques were 
clearly due to the entry of blood from the lumen into the 
plaque interior through these cracks (before the cracks 
were sealed by the thrombi), even though in a few cases 
the major lumen-derived hemorrhages were accompa- 
nied by smaller capillary-derived hemorrhages at the 
base of the plaques. It should be emphasized that the 
majority of the thrombogenic plaque fissures had devel- 
oped in avascular plaque segments—segments that were 
not capillarized, and in acellular cap areas—areas in 
which the cells that produced and maintained the cap 





FIGURE 1. Typically, a thrombus (1) in an atherosclerotic cor- 
onary and other small arteries develops over a plaque with a 
seemingly intact fibrous cap (2) that very frequently overlies a 
hemorrhagic lipid gruel core (3). Note that the atheroma cap is 
“ironed out” by the blood pressure so that the arterial lumen, 
although stenosed, is still circular. (Adapted from Ultrastruc- 
tural Pathobiology.’®) 
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collagen had died and disappeared. Since collagen is not 
immortal but is doomed to disintegrate when the cells 
that renew it disappear, the latter finding provided a clue 
to a frequent mechanism of structural cap weakening. 
Furthermore, in several cases the fissures had developed 
in very thin caps or at sites of transition between the thick 
and thin portion of a cap. 

Similar findings have since been made in 5 other step- 
serial section studies of human thrombosed coronary 
arteries by investigators in the United States, Britain, 
West Germany and Denmark.6-!° It thus seems certain 
now that thrombosis in human atherosclerotic arteries is 
practically always caused by breaks of plaque surfaces 
that are usually so small that they can be discovered only 
with serial sectioning of the entire thrombosed arterial 
segment (Fig. 3A). 








pi 


FIGURE 2. A (top). Section through a thrombosed atheroscle- 
rotic coronary in which collagen is stained blue, thrombus and 
blood various shades of red and what remains of the media, 
pink. The thrombus was caused by a break in the cap of the 
underlying plaque at the ‘point on the /eft where the cap joins 
the rest of the wall (a frequent fissure site, presumably be- 
cause of its mechanical vulnerability). Some blood entered the 
plaque interior through the break before it was sealed by the 
thrombus. B (bottom). Thrombosis in an atherosclerotic coro- 
nary artery, illustrating how small a thrombus-producing 
break can be and that it does not always lead to hemorrhage. 
This mural (nonoccluding) thrombus developed over a very 
small fissure (about 3 red cells, or 20 ų wide) at the point 
where the thin part joins the thick part of the blue collagenic 
cap, and a large round purple mass of platelets accumulated 
directly underneath the fissure, instead of a hemorrhage. 
(Adapted from J Atheroscler Res.*) 


Evidently, the next important question is, what causes 
these breaks? We do not know the answer yet, but present 
evidence suggests that any of the following mechanisms 
could trigger the fissuring of an advanced atheroma cap 
and therefore deserves to be further explored: (1) a pres- 
sure surge in the lumen, due to either a burst of systemic 
hypertension or a local arterial spasm distal to the plaque. 
This could stretch the arterial wall and crack it in its most 
unyielding, fragile area, i.e., the surface (cap) of the 
plaque (Fig. 3B); and (2) any influence that could weak- 
en the structure of the atheroma cap and make it more 
fragile so that it could be broken more easily by an intra- 
luminal pressure increase, or even break spontaneously. 
All processes that attack the endothelial lining, the 
smooth muscle cells that produce and maintain the colla- 
gen of the cap or the collagen of the cap itself fall under 
this heading, and especially the following: (a) metabolic 
or chemical insults (e.g., conditions that open the interen- 
dothelial junctions or damage endothelial cells such as 
prolonged hyperlipemia,'' high plasma angiotensin lev- 
els,'? high plasma acetoacetic acid concentrations at lev- 
els that occur in untreated diabetes! or nicotine);!4 (b) 
circulating immune complexes born elsewhere in the 
body that can penetrate into plaque surfaces (because of 
the increased permeability of plaque endothelium) where 
they could activate complement and kill cap cells;!> (c) 
calcification of the matrix around the myocytes of the cap 
that buries these cells in stony caves and kills them by 
asphyxia, just as chondrocytes are killed in calcifying 
cartilage;!® and (d) gradual molecular changes of cap 
collagen with time (e.g., increasing cross-linking that 
makes it more and more fragile so that one day it can be 
fissured by a very slight blood pressure surge—or even by 
a normal pulse wave, or the gradual contraction of colla- 
gen that could fissure it in the same manner in which 
cracks are produced in drying mud). 

Finally, we must consider the possible role that 2 types 
of capillary hemorrhages could play in promoting breaks 
of atheroma caps: (1) the hemorrhages from the branches 
of the vasa vasorum that most frequently invade the base 
of advanced atheromata from the adventitia once the 
media, the barrier between them and the plaque interior, 
has been greatly thinned or destroyed, and (2) the hemor- 
rhages from the capillaries that less frequently invade the 
atheroma from the lumen. 

We shall first discuss the vasa vasorum (adventitial 
capillary) hemorrhages because recently certain investi- 
gators have hypothesized on purely hemodynamic 
grounds that most plaque hemorrhages may be caused by 
the rupture of the adventitia-derived capillaries, and that 
perhaps these capillary hemorrhages “blow” the athero- 
ma from inside, breaking its cap and leading to a flow of 
blood from the plaque interior into the arterial lumen.!7 

We believe that this scenario could occur occasionally 
in some rare instances, but that it is not the common one 
because it is difficult to reconcile with hard histologic 
evidence in this area, for 5 reasons: (1) The great majority 
of the thrombogenic cap breaks in our complete serial 
section study (that yielded a thorough 3-dimensional re- 
construction of the entire thrombosed arterial segment) 





occurred unequivocally in avascular plaque areas (i.e., in 
areas with no capillaries either at the break sites or proxi- 
mal or distal to them); therefore, the breaks occurred 
without the help of any capillary hemorrhages. (2) In a 
minority of our cases (4 of 30), thrombi developed over 
breaks of caps without any hemorrhages whatsoever un- 
der the breaks, indicating that sometimes cracks can be 
sealed by thrombi before any blood can enter from the 
lumen into the plaque (perhaps due to a very slow crack- 
ing process, superactive thrombogenesis, or both). Again, 
this finding showed that the primary thrombogenic event 
is a break of the cap and that the hemorrhage is a secon- 
dary result that sometimes does not happen. (3) In the 
majority of our cases (26 of 30), in which the cracks were 





FIGURE 3. A, top, a longitudinal section through a throm- 
bosed coronary artery in which a long occlusive thrombus de- 
veloped over an atheroma with a tiny break of its cap through 
which blood had poured into the plaque interior, spreading 
proximally and distally to the site of the break. Out of numer- 
ous serial sections from 1 end of a thrombus to another, only 
the few that run through the break area can reveal the break 
that caused both hemorrhage and thrombus, as shown in the 
bottom. All the other sections will show a thrombus formed 
over a seemingly intact atheroma cap with a hemorrhage in 
the underlying gruel, as in Figure 1. B, a sudden increase in 
pressure within a lumen can fissure the cap of an advanced 
atheroma, particularly if it has been structurally weakened by 
other chronic insults, including toxic degradation products 
from the lipid gruel underneath it. C, when a lumen-derived 
hemorrhage that fans out of a cap fissure under a thrombus 
coexists with a hemorrhage from branches of vasa vasorum 
that invade the atheroma from the adventitia, no physical con- 
nection between the 2 bleedings is usually seen—an indica- 
tion of the different origins of the 2 bleedings. D, cap- 
illarization from the lumen begins with the development of a 
mural (nonocclusive) thrombus over the collagenic cap of an 
atheroma, as shown in the top left. The thrombus surface is 
then overgrown by endothelium that moves in from both sides 
and dips into the thrombus substance to form endothelial 
tubes, as shown in the top right. When the thrombus is com- 
pletely organized and replaced by collagenic tissue (like that of 
the underlying cap), the end result is an atheroma with a much 
thicker cap that is capillarized from the lumen, as shown in 
the bottom. The process also illustrates the mechanism 
through which mural thrombosis promotes the growth of pre- 
established plaques. (Adapted from Ultrastructural Pathobi- 
ology.!6) 
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associated with major hemorrhages, the latter had clearly 
resulted from the entry of blood from the lumen into the 
plaque before the breaks were sealed; the hemorrhages 
were fanning out from the cracks into the plaque interior; 
the cap fissures were beyond any doubt the “epicenters” 
of the bleedings. This was also the experience in the 5 
other step-serial studies that confirmed our original re- 
sults.©!° (4) In 4 of our 26 patients with major crack- 
induced hemorrhages we also saw some minor hemor- 
rhages that originated unquestionably from the rupture 
of adventitia-derived capillaries in the deep portions of 
the plaques, but the latter had no physical connection 
with the former (Fig. 3C). It is interesting that in one of 
the recent step-serial reinvestigations of thrombosed cor- 
onary arteries, minor adventitial capillary-derived hem- 
orrhages in the deep plaque regions were found to accom- 
pany the major lumen-derived hemorrhages in most 
cases, but, as in our own studies, no physical connection 
between the two types of bleeding was seen.’ And (5) 
contrary to prevailing impressions, we found in our stud- 
ies that most thrombi develop in only slightly or moder- 
ately stenosed coronary arteries; therefore, the Bernoulli 
principle (that would create suction in an extremely ste- 
nosed lumen) does not seem likely to operate as a primary 
cause of capillary and cap rupture in most cases of arteri- 
al thrombosis. 

Thus, while our own histologic findings, and those of 
others, show that vasa vasorum-derived hemorrhages do 
not usually cause the thrombogenic cap breaks, they indi- 
cate that these capillary bleedings can coexist with the 
main lumen-derived hemorrhages in a variable percent- 
age of thrombosed atherosclerotic arteries. Is this because 
in some cases the same agents—physical or chemical— 
that injure the plaque surface, causing a thrombogenic 
break, also injure the endothelium of adventitial capillar- 
ies? Is it because capillary hemorrhages—especially 
when they are protracted, extensive or repeated—can 
damage the cap tissue and make it more vulnerable to all 
the physical and chemical cap-fissuring factors we listed 
earlier? These and other possibilities could be easily ex- 
plored in the intermittent hyperlipemia rabbit models in 
which in a little over 1 year extensive capillarizations 
from the adventitia develop in their highly advanced end- 
stage lesions.” 

We must now briefly discuss the role of the hemor- 
rhages from the less frequently encountered lumen-de- 
rived capillaries (the exact reverse of the vasa vasorum 
capillary bleedings), which about 50 years ago had been 
thought to be the possible initiators of coronary thrombo- 
sis.' Capillarization of plaques from the lumen does occur 
when the upper part of an atheroma cap is derived from 
the organization and incorporation of a supraplaque mu- 
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ral thrombus (Fig 3D). In fact, we did find and docu- 
ment, in our own serial-section study, several instances of 
lumen-derived capillaries and their hemorrhages, but 
none of them was associated with a cap break or throm- 
bosis,* an experience shared with subsequent investiga- 
tors of this problem.° !° However, it is conceivable that in 
some cases extensive luminal capillarization could make 
the cap very spongy and therefore more fragile, or that 
repeated or excessive hemorrhages from lumen-derived 
capillaries could, like those from adventitial capillaries, 
damage the cap and make it more vulnerable to other 
insults. 

In conclusion, since plaques are very complex struc- 
tures with many components that can be influenced by 
many different forces, it is likely that the thrombogenic 
breaks of their surfaces can be caused not just by 1 but by 
several different factors that often act in synergy. In the 
future, considerable progress might be achieved by the 
exploration of these factors in experimental models of 
advanced atherosclerosis that are now available. 
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Rupture of Coronary Vasa Vasorum 
as a Trigger of Acute Myocardial Infarction 


A. Clifford Barger, MD, and Reinier Beeuwkes, Ill, PhD 


Some controversy has always existed regarding the 
presence and extent of the vasa vasorum—the nu- 
trient vessels in the wall of the human aorta—in 
the coronary arteries. Now, cinemicrographic stud- 
ies using silicone polymer injections in cleared hu- 
man hearts have identified the vasa vasorum of 
coronary arteries, revealing evidence of neovascu- 
larization in the region of atherosclerotic plaques. 
These studies suggest an important role for the 
vasa vasorum in the pathogenesis of coronary ath- 
erosclerosis and its sequelae, especially intramural 
hemorrhage and vascular spasm. The wall of the 
human coronary artery in regions of atherosclerotic 
injury may be particularly rich in capillary vessels 
of the vasa vasorum. From this, the evidence sug- 
gests that with the morning increase in blood pres- 
sure, fragile neovascular structures of the vasa va- 
sorum may be more prone to rupture and may be 
responsible, in part, for the circadian variation in 
myocardial infarction. 

(Am J Cardiol 1990;66:41G-—43G) 
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important role in the onset or triggering of myo- 

cardial infarction (MI). Although these “vessels 
of the vessels” in the heart are infrequently described and 
little understood, new evidence suggests that there is ex- 
tensive neovascularization of intramural atherosclerotic 
plaques.!~* This dense plexus of microvessels (Fig. 1) may 
be implicated in the deposition of blood products in the 
walls of coronary arteries! despite the presence of in- 
tact coronary endothelium. 

By cinemicrographic studies of cleared human hearts 
we have demonstrated that the direction of flow in these 
fragile vessels is inward from the adventitial vasa vas- 
orum through the media into the thickened intima, rather 
than outward from the coronary lumen.* 

In addition, microsphere studies have shown that vasa 
vasorum blood flow in the region of atherosclerotic 
plaque is increased fivefold over that observed in the 
normal media.’ The increased blood flow implies a large 
inward (lumen-directed) pressure gradient in the ste- 
nosed region of the coronary artery (Fig. 2). This is not 
surprising because luminal blood flow creates a region of 
low pressure centered in the narrowest point of the steno- 
sis (the Bernoulli principle),*-!° while the vasa vasorum 
arise upstream in a high-pressure region. Thus, the vascu- 
larity of plaques, the fragility of mural vessels and mural 
pressure gradients may better predict the site of a future 
MI than degree of coronary artery narrowing alone. 


Rime of the coronary vasa vasorum may play an 


METHODS 

Over 100 human hearts were obtained at autopsy 
from male and female patients ranging in age from 19 to 
96 years. The hearts were fixed by pressure perfusion of 
the coronary arteries with 2% glutaraldehyde, dehydrat- 
ed in increasing concentrations of ethanol and cleared in 
methyl salicylate, rendering the epicardial fat and blood 
vessel walls transparent. To show the vascular and micro- 
vascular structures, a low-viscosity, white silicone poly- 
mer (MV 112, Canton Biomedical Products) was inject- 
ed into the cleared vessels, and the flow pattern of the 
injection was filmed with a special optical system. 


RESULTS 

Motion picture records clearly documented not only 
the filling of the major coronary arteries, but also showed, 
for the first time, the direction of flow in the microvascu- 
lar network of the intramural vasa vasorum. Films of the 
normal region of the arteries showed only a sparse, linear, 
adventitial pattern of vasa vasorum, whereas a dense 
capillary network of neovascular appearance was noted in 
atherosclerotic plaque regions (Fig. 1). This network 
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arose from more proximal branches of the coronary arter- 
ies, traversed the adventitia and media and flowed toward 
the thickened intima. 

Of the hundreds of plaques examined, no case was 
observed in which flow occurred from the coronary lumen 
into the local mural network of the plaque. Histologic 
examination of tissue taken from the photographed re- 
gions verified the presence of vasa vasorum in the adventi- 
tia, media and intima of plaque regions and demonstrated 
a quantitative relation between the degree of neovascu- 
larization as measured by micrography and the histologic 
examination.? 


DISCUSSION 

These cinemicrographic and histologic studies strong- 
ly suggest that rupture of the vasa vasorum in the wall of 
the atherosclerotic coronary artery may trigger onset of 
an MI, a view that has received support from the recent 
work of Cuénoud and Chung) and Maher and Cuénoud.° 
Many pathologists, however, are of the opinion that “the 
relatively tremendous pressure from the lumen”!! in the 
region of the stenosis induces plaque fissuring, with hem- 
orrhages into the wall. 

Such a view would be at variance with the Bernoulli 
principle and the evidence provided by recent theoretical 
and experimental hemodynamic studies.?:'° Indeed, if lo- 
cal coronary luminal pressure was much greater than that 
in the vasa vasorum, then we would expect these small 
vessels to be compressed, not open and flowing rapidly as 
shown by Heistad and Armstrong.’ 

Moreover, Little et al! reported in 1988 that the 
degree of narrowing of the coronary arteries as visualized 
by angiography may not predict the site of a subsequent 


TIPS 





FIGURE 1. Vasa vasorum of left anterior descending coronary 
artery (human heart). Note the dense neovascular network in 
the atherosclerotic plaque (upper portion of artery). Only a 
few such vessels are seen in the normal region (/ower por- 
tion). 
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MI in patients with coronary artery disease. These find- 
ings implicate factors other than the size of the athero- 
sclerotic stenosis per se. 


CONCLUSION 

More than 25 years ago Paterson! wrote: “Severe 
grades of coronary atherosclerosis may exist in man with- 
out the production either of pathologic sequelae or clini- 
cal signs or symptoms. And it is equally certain that, more 
or less suddenly, such severe lesions may become clinical- 
ly apparent with the development of angina pectoris, ven- 
tricular fibrillation with sudden death, and/or myocardi- 
alinfarction.... When an intimal defect is seen in associ- 
ation with hemorrhage it should be interpreted as a 
‘blow-in’ into the lumen, not as a ‘blow-out’ from the 
lumen .... Because intimal hemorrhage can be demon- 
strated so well in coronary arteries without thrombosis, it 
cannot be regarded as a secondary intimal change result- 
ing from the pressure of an occluding mass in the lumen.” 

We may conclude, therefore, that with the morning 
increase in blood pressure, the fragile neovascular struc- 
tures of the vasa vasorum may be more prone to rupture. 
Such rupture may, in part, be responsible for the circadi- 
an variation in MI that has been described by Muller et 
al;!4 


Addendum: “Plaque and vasa vasorum in human cor- 
onary arteries,” motion picture film number 22710, on 
which much of this report is based, is available for loan 
from Hoechst-Roussel Film Library, Modern Talking 
Picture Service, 5000 Park Street North, Saint Peters- 
burg, Florida 33709. 





FIGURE 2. Diagrammatic illustration of flow pattern in the 
vasa vasorum cf the atherosclerotic plaque. Note that the vasa 
vasorum arise in a high-pressure zone above the plaque. 
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-Angiographic Atsessinent of the 
culprit Coronary Artery Lesion Before 
Acute Myocardial Infarction 


William C. Little, MD 





‘Serial angiographic studies of patients with myo- 


cardial infarction and unstable angina suggest that 
the culprit plaque underlying a thrombus need not 
have produced severe luminal obstruction before 
onset of the event. An atherosclerotic coronary 
artery lesion can, therefore, have 2 important char- 
acteristics. First, it may be obstructive. Second, 

‘it may he ‘ rable” in that it has the potential 
‘to become thrombogenic if exposed to the appro- 
priate triggering stimulus. A lesion need not be 
obstructive to become thrombogenic, nor do all ob- 
_structive lesions have thrombogenic potential. The 
‘cause of an infarction may thus be rupture of a 
nonobstructive plaque leading to occlusive throm- 

~ Because it may be difficult to predict the site of 
; a d mdisaient occlusion from a coronary angiogram, 
coronary bypass surgery or angioplasty directed 
only at discernible stenotic lesions may not be ef- 
fective for preventing subsequent myocardial in- 
farctions. Appropriate therapy may need to be di- 
rected at the entire coronary tree. Such therapy 
might include cholesterol lowering, £ blockade and 











(Am J Cardiol 1990;66:44G-47G) 
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yocardial infarction (MI) is usually caused by 
sudden thrombotic occlusion of a coronary ar- = 
tery at the site of an atherosclerotic plaque.! 


The formation of the occlusive thrombus is thought to 
result from. rupture or cracking of the atherosclerotic 


lesion, which exposes thrombogenic plaque components __ oe 


to the bloodstream.’ It is important in the management of 
patients with coronary artery disease (CAD) to under- 
stand the characteristics of coronary artery lesions that 
have the potential to produce thrombotic occlusions. 

Coronary angiography is the standard clinical tool for 
evaluating patients with suspected CAD. Prognosis is 
inversely related to the number of stenotic coronary ves- 
sels.) High-grade stenosis (>80% diameter narrowing) 
and extensive CAD correlate with a higher risk for subse- 
quent occlusion.* Stenotic areas are frequently assumed ~ 
to represent possible sites for future thrombotic occlusion, 
whereas arterial segments that do not contain stenoses 
are presumed to be relatively risk free. Recent findings, - 
however, suggest that an obstructive coronary artery le- 
sion is not necessary for the development of a thrombotic 
coronary artery occlusion producing a MI. 


SERIAL ANGIOGRAPHIC STUDIES 
We recently evaluated coronary angiograms of 29 
medically treated patients with CAD who had undergone 


angiography before and after MI.° The second angio- — o : 
gram was used to determine the location of the infarct-- = 0 


preducing obstruction, and the first angiogram was stud- 
ied to assess the coronary anatomy preceding the MI. On 
the initial angiograms, taken 4 to 2,298 days before MI, 
most patients (83%) exhibited 1- or 2-vessel disease; yet 
in only 34% of patients was the previously patent artery 
with the most severe stenosis responsible for the MI, 
Frequently, the artery that subsequently occluded had... 


not exhibited a high-grade angiographic stenosis before | 
MI (Fig. 1). In fact, preexisting luminal diameter nar- 


rowing was <50% in 66% (19) of these patients, and 
minimal luminal diameter was >1 mm before infarction 
in 90%. 

Ambrose et alf recently performed a similar analysis 
of 23 patients who had undergone serial coronary angio- 


grams before and after MI, with nearly identical results. 


Only 22% of infarct-related arteries had been identified 


as having >70% diameter stenosis before MI. Both stud- - n o 
ies suggest that the culprit coronary artery lesion need noto à < 


have been severely stenotic before MI. 
Ambrose et al observed that patients who suffered 
non-Q-wave MI, or who did not experience MI despite 


_ coronary ceclusion, had more severe preexisting stenoses 











than patients with Q-wave MI. By contrast, we found no 
differences in the severity of preexisting coronary stenosis 
between patients with non-Q-wave or Q-wave MI.’ It is 
possible that in some patients, severe preexisting stenosis 
stimulates collateral development, thus limiting or pre- 
venting myocardial necrosis after thrombotic occlusion. 

Patients not included in either the study of Ambrose et 
al® or in our study were those who underwent coronary 
artery bypass grafting (CABG) or percutaneous translu- 
minal coronary angioplasty (PTCA) after the initial an- 
giogram—comprising a group who probably had the 
most severe CAD. To help overcome the potential bias of 
this omission, we have recently evaluated a group of pa- 
tients who had suffered MI a month or more after suc- 
cessful CABG or PTCA.*:? Coronary angiography per- 
formed within 2 weeks of MI was used to define the 
infarct-related artery. The angiogram obtained before 
CABG or at the time of PTCA was used to assess the 
preexisting CAD. We found that 33% of the MIs after 
successful CABG were due to occlusion of an artery that 
had not been bypassed.’ The infarct-producing artery 
had not received a bypass graft because, in all patients 
except 1, it had not contained an obstructive (>50%) 
stenosis. Similarly, 57% of MIs after successful PTCA 
were due to occlusion of an artery that had not been 
dilated because it did not contain an obstructive stenosis 
at that time.’ 

Previous studies by Moise et alf and Singh!” of pa- 
tients undergoing serial coronary angiograms also pro- 
vide information on the severity of the culprit lesion be- 
fore MI. In these studies, patients were not limited to 
those recently suffering an acute MI, as in our study. 
Moise et al,’ in their review of 313 patients who had 
undergone 2 coronary angiograms for any reason, report 
finding 116 newly occluded coronary vessels at the second 
angiogram. The presence of high-grade (>80%) coronary 
stenosis, the extent of CAD, cigarette smoking and male 
sex were factors most predictive of a new coronary artery 
occlusion. Thus, Moise et al* concluded that coronary 
angiography combined with 2 clinical factors could pre- 
dict MI. Analysis of the data from Moise et al,* however, 
indicates that 72% of occlusions in this study occurred in 
segments that previously contained <75% stenosis. 

Similarly, Singh!° studied 52 patients who underwent 
serial coronary angiograms for any reason and found that 
12 of the 25 new total occlusions present in the second 
angiogram occurred in segments that had been free from 
stenosis 2 to 108 months earlier. From these and other 
studies we conclude that although coronary artery seg- 
ments that contain high-grade obstruction are at risk for 
occlusion,'! many occlusions occur in arteries that did not 
previously contain a high-grade stenosis. 


STUDIES DURING THROMBOLYTIC THERAPY 

Occasionally, angiographically normal coronary 
arteries are seen in patients after MI.!? Presumably the 
occluding thrombus has spontaneously lysed before angi- 
ography, suggesting that angiographically normal arter- 
ies may occasionally thrombose, although it is possible 
that in some cases the infarction was caused by coronary 


artery spasm. After MI, when coronary blood flow has 
been restored by thrombolytic therapy, a high-grade re- 
sidual stenosis frequently remains.'? This may indicate 
that the atheroma at the site of coronary occlusion was 
obstructive and should have been easily identified by cor- 
onary angiography before the event. Alternatively, resid- 
ual thrombi may overlie the atheroma, making the lesion 
appear much more severe than it was immediately before 
the infarct. The study of Brown et al'* suggests the latter 
possibility is most common. They used angiographic 
magnification and computerized measurements to sepa- 
rate the atheroma from the overlying thrombus in 32 
patients who had received intracoronary streptokinase. 
The underlying atherosclerotic lesion responsible for pro- 
ducing the MI was not severe in most patients and on 
average produced only a 56% stenosis. 


OTHER DATA 

Other studies provide indirect evidence consistent 
with the hypothesis that a coronary atheroma need not be 
recognizable as an obstructive stenosis on coronary angi- 
ography to subsequently be responsible for an infarction. 
First, many patients suffer MI without having previously 
experienced exertional angina.!*!6 In many of these pa- 
tients, the coronary arteries may not have contained ob- 
structive lesions before MI. 


in? 
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FIGURE 1. Angiograms of the right coronary artery taken 9 
months before (fop) and immediately after (bottom) the pa- 
tient suffered an acute inferior myocardial infarction (MI). 
Note absence of obstructive stenosis in the infarct-related ar- 
tery before Mi. 
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A SYMPOSIUM: TRIGGERING AND CIRCADIAN VARIATION OF ONSET OF ACUTE CARDIOVASCULAR DISEASE 


Second, it is now apparent that the pathogenesis of 
unstable angina may be similar to that of acute MI, in 
that a thrombus overlying an atheroma has obstructed, 
but not occluded, blood flow.!7 In agreement with results 
of serial angiography of patients with MI, the artery 
responsible for unstable angina frequently does not con- 
tain a high-grade stenosis before the development of un- 
stable angina.!®.!9 

Finally, coronary angiography may fail to reveal the 
extent of atherosclerosis.*” Although only discrete areas 
of stenosis may be evident on angiography, the athero- 
sclerotic process may be much more diffuse. For example, 
endothelial function in areas without signs of obstruction 
may be abnormal.” Lack of apparent stenosis in an arte- 
rial segment does not necessarily indicate that the seg- 
ment is free from atherosclerosis, particularly if stenotic 
lesions are present elsewhere in the coronary arteries. 


ANGIOGRAPHIC MORPHOLOGY OF CULPRIT 
LESIONS 

The endothelium of the culprit plaque underlying cor- 
onary thrombosis in patients with MI or unstable angina 
generally has been disrupted, so that blood in the lumen is 
exposed to thrombogenic plaque components. This 
plaque disruption may appear angiographically as a con- 
vex intraluminal obstruction with overhanging edges, ir- 
regularities, intraluminal defects, or a combination of 
these.223 Culprit plaques frequently have these charac- 
teristics after the development of MI or unstable angi- 
na.24.25 How frequently they exist before MI is unknown. 
It is possible that stenoses with these characteristics in 
patients without MI may have a high risk for subsequent 
occlusion.?° 


CONCLUSIONS 

Serial angiographic studies of patients with MI> sug- 
gest that the culprit plaque underlying a thrombus need 
not have produced severe luminal obstruction before the 


Vulnerable 
et pecenc potential 


Obstructive 
* Angina 


« Unstable angina 
* Sudden death 


FIGURE 2. The clinically important characteristics of coronary 
artery atherosclerotic lesions. The plaque can be obstructive 
or vulnerable (i.e., have thrombogenic potential), or both. Ob- 
structive plaques produce angina. If a vulnerable plaque is ex- 
posed to the appropriate triggering stimuli, it may produce 
thrombus formation resulting in myocardial infarction (MI), 
unstable angina or sudden death. Not all vulnerable plaques 
are obstructive, and not all obstructive plaques are vulnerable. 
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event. This conclusion is consistent with both the frequent 
occurrence of MI without preceding angina!*!6 and also 
with serial angiographic studies of patients with unstable 
angina.!8.!° 

Based on these data, we propose that the atheroscle- 
rotic coronary artery lesion can have 2 important charac- 
teristics (Fig. 2). First, it may be obstructive. Such lesions 
can be recognized on coronary angiograms, and they may 
produce exertional angina. Second, plaques may be “vul- 
nerable,” in that they have the potential to become 
thrombogenic if exposed to the appropriate triggering 
stimuli.” Such plaques, if they express their thrombo- 
genic potential, may cause an infarction or sudden 
death?’ if the resulting thrombus occludes the coronary 
artery, or produce unstable angina if the thrombus ob- 
structs but does not occlude the artery. As shown in 
Figure 2, a stenosis need not be obstructive to become 
thrombogenic, nor do all obstructive lesions have throm- 
bogenic potential. 

The presence of angiographic evidence of obstructive 
stenosis indicates that a patient has coronary atheroscle- 
rosis and the potential for MI, but the coronary stenosis 
does not necessarily represent the location at which the 
thrombotic occlusion will occur. Because the prognosis 
for patients with stable angina is related to the number of 
stenosed coronary arteries,’ it is possible that the poten- 
tial for thrombogenic lesions increases with the number of 
obstructive lesions. However, that does not mean that all 
potentially thrombogenic lesions will produce angio- 
graphically apparent obstruction or angina. 

Because it may be difficult to predict the site of a 
subsequent occlusion from an initial coronary angiogram, 
coronary bypass surgery or angioplasty directed only at 
discernible lesions may not be effective for preventing 
subsequent MI. This does not imply that arteries free 
from obstructive lesions should be bypassed or dilated. 
Instead, therapy to prevent MI may need to be directed at 
the entire coronary tree, not just the obstructive lesions. 
Such systemic therapy to prevent MI might rationally 
include reducing serum cholesterol levels in an effort to 
slow the development of vulnerable lesions; minimizing 
potential triggers of plaque disruption by avoiding smok- 
ing, and, possibly, administering 8 blockers; and altering 
platelet function with aspirin. 
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Potential Usefulness of Combined Thromboxane 
A2 and Serotonin Receptor Blockade 
for Preventing the Conversion from Chronic 
to Acute Coronary Artery Disease Syndromes 


James T. Willerson, MD, Paolo Golino, MD, John Eidt, MD, 
Shen-kun Yao, MD, and L. Maximilian Buja, MD 


Evidence suggests that unstable angina, non-Q- 
wave myocardial infarction and Q-wave myocardial 
infarcts represent a continuum, such that transient 
reduction in coronary blood flow associated with 
platelet aggregation and dynamic vasoconstriction 
at sites of coronary artery stenosis and endothelial 
injury lead to abrupt development of unstable angi- 
na. Factors potentially responsible for the conver- 
sion from chronic to acute coronary artery disease 
include endothelial injury at sites of stenosis. The 
endothelial injury may be the result of plaque fis- 
suring or ulceration, hemodynamic factors (includ- 
ing systemic arterial hypertension or flow shear 
stress), infection, smoking, coronary arteriography 
or balloon angioplasty. Clinical and experimental 
animal studies suggest that interference with 
thromboxane and serotonin contributions to plate- 
let aggregation and dynamic coronary artery con- 
striction may prevent chronic coronary artery dis- 
ease syndromes from converting to acute disease. 
To protect against this process may require both 
thromboxane and serotonin receptor antagonists or 
a combination of thromboxane synthesis inhibitor 
and receptor antagonist with a serotonin receptor 
antagonist. Further studies are needed to test this 
hypothesis. 

(Am J Cardiol 1990;66:48G-53G) 
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unstable angina and acute myocardial infarction, 
are usually caused by a primary decrease in myo- 
cardial oxygen delivery.!-!5 Unstable angina occurs in 
some patients with endothelial injury or ulceration at the 
site of a coronary artery stenosis,° and some patients 
develop intraluminal coronary artery thromboses.*-®?"!! 
Falk’ and Davies and Thomas’ have suggested that ath- 
erosclerotic plaque rupture or fissuring may lead to coro- 
nary arteria! thrombi and the development of unstable 
angina, acute myocardial infarction or sudden death.”8 
Patients with Q-wave (usually transmural) myocardial 
infarcts often have ulcerated or fissured atherosclerotic 
plaques and the subsequent development of occlusive cor- 
onary artery thrombi.*> Patients with non-Q-wave in- 
farcts much less commonly have completely occlusive 
coronary artery thrombi,’ but these patients do have tran- 
sient reductions in oxygen delivery to the myocardium 
followed by reperfusion.'® 
We have suggested that the transient reductions in 
coronary blood flow occurring in these clinical syndromes 
may be caused by intermittent platelet aggregation and 
dynamic vasoconstriction occurring at sites of coronary 
artery stenosis and endothelial injury (Fig. 1).4°!7 We 
have also speculated that unstable angina, non-Q-wave 
myocardial infarction and Q-wave myocardial infarcts 
represent a continuum, such that transient reductions in 
coronary blood flow associated with platelet aggregation 
and dynamic vasoconstriction at sites of coronary artery 
stenosis and endothelial injury lead to the abrupt develop- 
ment of crescendo or unstable angina.*>:!’ Finally, we 
have suggested that if important reductions in coronary 
blood flow and oxygen delivery are sustained for 20 min- 
utes to 1 to 2 hours, a non-Q-wave myocardial infarction 
may occur and, if the period of important reduction in 
myocardial oxygen delivery persists for more than 2 
hours, a Q-wave infarct may develop.*>:!” In this suggest- 
ed pathophysiologic scheme, potential factors responsible 
for the conversion from chronic to acute coronary artery 
disease syndromes include endothelial injury at sites of 
coronary artery stenosis.*>:!’ The endothelial injury may 
result from plaque fissuring or ulceration,’* hemodynam- 
ic factors (including systemic arterial hypertension or 
flow shear stress), infection, smoking, coronary arteriog- 
raphy or balloon angioplasty. 


A cute coronary artery disease syndromes, including 


TABLE I Potential Causes of Unstable Angina Pectoris 


Progressive coronary artery narrowing from atherosclerosis 

Platelet aggregation and white blood cell adhesion and platelet and/or 
white blood cell-derived mediator release at the site of endothelial 
injury and coronary artery stenosis leading to increased luminal 
narrowing from anatomic obstruction and increases in coronary 
vascular resistance 

Any combination of plaque fissure, hemorrhage or thrombosis with 
progressive coronary artery narrowing 

Coronary artery spasm 


Platelets attach to the exposed subendothelium and 
collagen after endothelial injury to an artery. Platelet 
aggregation leads to the release and local accumulation of 
thromboxane A, and serotonin, which may promote fur- 
ther platelet aggregation and dynamic coronary artery 
vasoconstriction with consequent reductions in coronary 
blood flow (Fig. 1).4510-1417-22 The dynamic coronary 
artery vasoconstriction and platelet aggregation are al- 
most certainly contributed to by relative or absolute de- 
creases in local arterial concentrations of endothelially 
derived vasodilators and inhibitors of platelet aggrega- 
tion, including endothelially derived relaxing factors 
(EDRFs) and prostacyclin (Fig. 1).51721-30 

We believe that chronic endothelial injury at sites of 
coronary artery stenosis lasting days to weeks is associ- 
ated with the accumulation of platelets and white and red 
blood cells in a fibrin mesh. Coronary artery thrombosis 
and dynamic vasoconstriction developing with more 
chronic endothelial injury may be associated with the 
accumulation of other mediators, including platelet-acti- 
vating factor, selected leukotrienes (LTC, and LTD4), 





FIGURE 1. A schematic 


diagram indicating the possible mech- 
anisms by which thromboxane A2 (T,A2) and serotonin pro- 

mote platelet aggregation and decrease coronary blood flow in 
the patient with unstable angina. Aggregating platelets (stars) 
release thromboxane A2 and serotonin at sites of coronary ar- 


nary vasoconstriction and partial or total coronary artery 
thrombosis. The absence or reduction in endothelially derived 
relaxing factor and prostacyclin at vascular sites with endo- 
thelial injury probably contributes to the development of vaso- 
constriction and thrombosis. EDRF = endothelially derived re- 
laxing factor; SHT = serotonin; PA = platelet aggregation; 
PGI = prostacyclin. (Adapted from Circulation.*’) 











thrombin, adenosine diphosphate, histamine, prostaglan- - 
din D, and, possibly, endothelin.*>.!6!73! 


UNSTABLE ANGINA 

Unstable angina pectoris is defined as angina that 
increases in frequency with progressively less effort, and 
it often occurs at rest. Any factor that results in abrupt or 
progressive coronary artery luminal-diameter narrowing 
may cause diminished myocardial perfusion, with conse- 
quent myocardial ischemia and unstable angina. Table I 
lists several possible causes of unstable angina. In some 
patients, the syndrome results from the progression of 
severe, multifocal coronary atherosclerosis, but for many 
others we believe that other mechanisms are involved 
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FIGURE 2. Ratios of thromboxane B2 (T,B2) in the coronary 
sinus (CS) and ascending aorta (AO) in 5 groups of patients 
(n = 60). Each point represents data from 1 patient. Squares 
identify patients who received a cyclooxygenase inhibitor 
within 5 days of study, and triangles represent patients with 
coronary artery spasm. In groups A (valvular and congenital 
nonischemic heart disease), B (chest pain syndrome without 
ischemic heart disease) and C (ischemic heart disease without 
chest pain for at least 96 hours), the patients had thrombox- 
ane B2 coronary sinus/aorta ratios of 3.1 or less. Group D pa- 
tients (unstable angina pectoris with chest pain 24 to 96 
hours before study) had a bimodal distribution: 12 patients 
had low ratios, whereas 3 had very high ratios. Group E pa- 
tients (unstable angina pectoris with chest pain within 24 
hours before study) had ratios that were higher than those of 
patients in groups A, B and C (p <0.05). (Adapted from N 
Engl J Med.*°) 
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A SYMPOSIUM: TRIGGERING AND CIRCADIAN VARIATION OF ONSET OF ACUTE CARDIOVASCULAR DISEASE 


because often there is no good correlation between acute 
coronary artery disease and the anatomic extent and se- 
verity of coronary atherosclerosis. 


CONVERSION FROM CHRONIC TO 
ACUTE CORONARY ARTERY DISEASE 
SYNDROMES 

In 1979, and more recently, our group!” hypothesized 
the following: (1) Increases in thromboxane and de- 
creases in prostacyclin concentration at sites of endotheli- 
al injury and significant coronary artery stenosis cause 
platelet aggregation and dynamic coronary vasoconstric- 
tion that lead to the development or sustainment of unsta- 
ble angina pectoris as a result of platelet aggregation or 
coronary vasoconstriction, or both, diminishing regional 
coronary blood flow below a critical level. (2) Mecha- 
nisms responsible for endothelial injury at sites of coro- 
nary artery stenosis vary, but probably include (a) pro- 
gression, fissuring, or rupture of atherosclerotic 
plaques;’® (b) hemodynamic factors, including flow tur- 
bulence; (c) cigarette smoking; (d) systemic arterial hy- 
pertension; (e) infection or immune complex deposition; 
and, on occasion, (f) catheter-induced endothelial injury 
associated with coronary arteriography and angioplasty. 

The hypothesis that unstable angina is associated with 
increases in transmyocardial thromboxane Az concentra- 
tions was tested from 1979 to 1980.'° In 60 patients 
undergoing cardiac catheterization, blood samples were 
obtained from the coronary sinus and ascending aorta, 
and prostaglandins were measured by radioimmunoas- 
say.! By history, noninvasive evaluation and results of 
cardiac catheterization, patients were separated into 5 
groups: group A patients (n = 6) had congenital and ac- 
quired noncoronary cardiac lesions, but were without sig- 
nificant coronary stenoses; group B patients (n = 14) 
complained of chest pain, but had no significant coronary 
artery stenoses or provocable coronary artery spasm; 
group C patients (n = 18) had significant coronary artery 
disease and their most recent episodes of chest pain oc- 
curred more than 96 hours before study; group D patients 
(n = 15) had chest pain that had occurred 24 to 96 hours 
before study; and group E patients (n = 7) had unstable 
angina with chest pain within 24 hours of study (Fig. 2). 


Thromboxane B; (the inactive metabolite of throm- 
boxane A2) concentrations were elevated across the coro- 
nary bed in group E patients (i.e., those with continuing 
rest angina), and values in this group were significantly 
higher than those of patients in groups A, B and C. Group 
D patients had a bimodal distribution—12 patients had 
low thromboxane B+» concentrations, and 3 had markedly 
elevated values. It is not clear why 3 patients in group D 
had elevated transcardiac concentrations of thromboxane 
B2. However, possible explanations include persistent in- 
creases in transcardiac thromboxane concentration de- 
spite relief from unstable angina; and continuing unstable 
angina not detected clinically or identified by the patient 
(i.e., silent myocardial ischemia). We were unable to 
show differences in transmyocardial prostacyclin concen- 
trations among these patients.!° 

These data demonstrate a temporal relation between 
continuing unstable angina and increases in transcardiac 
thromboxane concentrations. Results are consistent with 
the hypothesis that thromboxane A, accumulation and 
the consequent platelet aggregation and coronary vaso- 
constriction are important factors in the pathogenesis of 
unstable angina. However, a causal relation was not 
established. 

Subsequently, Fitzgerald et al!! (at Vanderbilt) and 
Hamm et al!? demonstrated that many patients with 
unstable angina were found to have elevated urinary con- 
centrations of a major thromboxane metabolite, 2-3 
dinor-thromboxane B>; for some patients, at least, addi- 
tional episodes of chest pain resulted in even further 
increases. 


PHYSIOLOGIC IMPORTANCE OF 
THROMBOXANE ACCUMULATION 

In the canine heart, severe proximal coronary artery 
stenosis with associated endothelial injury causes cyclical 
coronary bloodflow reductions as originally described by 
Folts et al! (Fig. 3). In this model, endothelial injury is 
caused by the application of an external constrictor and 
gentle stroking of the left anterior descending artery with 
cloth-covered forceps. The cyclical coronary-flow alter- 
ations are related to platelet aggregation and leukocyte 
and red blood cell accumulation at the stenotic site. Da- 
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FIGURE 3. A representative recording for a dog with cyclic coronary flow variations and abolition of the cyclic flows with 
$Q29,548, a thromboxane receptor antagonist (Squibb Pharmaceuticals). A, Initial coronary flow variations. Note the recurring 
pattern of decline and restoration of mean and phasic left anterior descending coronary artery flow. B, A normal pattern of flow 
restored minutes after administration of SQ29,548. Cyclic coronary flow variations occur in the canine model with a tight proxi- 
mal coronary artery stenosis and endothelial injury as previously reported.18-27 CFV = coronary flow variation; IV = intravenous; 
LAD = left anterior descending coronary artery. (Adapted from Circ Res.?°) 
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zoxiben (UK-37-258, Pfizer Pharmaceuticals), a throm- 
boxane synthetase inhibitor,!? or SQ29,548 (Squibb 
Pharmaceuticals), a thromboxane receptor antagonist,”° 
abolish or significantly attenuate the frequency of cyclic 
flow reductions in approximately 70% of treated animals 
(Fig. 3). Thromboxane B, concentrations in the distal 
portion of the narrowed coronary artery and at the site of 
the coronary stenosis and endothelial injury are increased 
during cyclic coronary flow reductions and reduced to 
control values after administration of dazoxiben.'??! In 
contrast, 6-keto-prostaglandin F), (the inactive metabo- 
lite of prostacyclin) generation is reduced at the site of 
coronary artery constriction but not in the nonconstrict- 
ed, noninjured coronary artery.*! Distal coronary artery 
6-keto-prostaglandin F), levels increase significantly dur- 
ing cyclic flow reductions and remain elevated after the 
administration of dazoxiben.!? Systemically adminis- 
tered dazoxiben (2.5 mg/kg body weight, intravenously) 
suppresses arachidonic acid-induced thromboxane A> 
(but not prostaglandin E2) production by canine platelets, 
but it does not significantly influence prostacyclin synthe- 
sis by canine coronary artery rings.'!? Furthermore, the 
topical application or intraatrial administration of a 
thromboxane-mimetic (U46619) generally restores cy- 
clic coronary flows in this model after they are abolished 
by a thromboxane-synthesis inhibitor.!° Folts et al !8 have 
demonstrated that aspirin often eliminates cyclic coro- 
nary artery flow reductions in the same experimental 
model. 

Therefore, thromboxane concentration increases at 
the site of a coronary artery stenosis and endothelial 
injury in the canine model, and the narrowed injured 
artery makes substantially more thromboxane when ara- 
chidonic acid is added in vitro.!®?! The administration of 
a thromboxane synthetase inhibitor or receptor antago- 
nist usually abolishes cyclic flow alterations in this mod- 
el.!-2! More recently, we have demonstrated that dy- 
namic coronary vasoconstriction occurs adjacent to the 
site of stenosis in the canine model and that thromboxane 
and serotonin receptor antagonists prevent dynamic vaso- 
constriction.2? Thromboxane synthesis inhibitors and re- 
ceptor antagonists are also protective against in situ plate- 
let aggregation”? in this model. 


THE ROLE OF SEROTONIN IN 
EXPERIMENTAL MODELS 

We found that a thromboxane synthesis inhibitor or 
receptor antagonist was protective and abolished cyclical 
alteration in coronary blood flow in approximately 70% of 
the treated animals. Thus, it was apparent that another 
mediator (or mediators) contributes to the development 
of cyclical alterations in coronary blood flow in the canine 
model. More recently, we have shown that serotonin con- 
centration increases by at least 18-fold at the site of a 
coronary artery stenosis and endothelial injury when cy- 
clic coronary artery flow reductions occur.?* Ketanserin, 
a serotonin receptor antagonist, usually abolishes cyclic 
flow reductions.**?5 It works in essentially every instance 
in which a thromboxane synthetase inhibitor or receptor 
antagonist, or both, have failed (Fig. 4).247° Other seroto- 





nin receptor antagonists, without œ; adrenergic antago- 
nist properties at the concentrations at which they were 
used, also abolish cyclic coronary flow alterations in ap- 
proximately 90% of animals, and are effective when 
thromboxane synthetase inhibitors or receptor antago- 
nists have failed.2° After cyclic flows are abolished by 
serotonin receptor antagonists, they may be restored by 
the intraatrial administration of serotonin.*4 There is an 
amplification of thromboxane and serotonin’s effects on 
cyclic coronary flow variations, such that interfering with 
the effect of either usually eliminates cyclic coronary flow 
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FIGURE 4. A, The number of cyclic coronary artery flow vari- 
ations/hour in dogs during a control period, after abolition of 
cyclic coronary flows by ketanserin (a serotonin receptor an- 
tagonist) and after reestablishment of cyclic coronary artery 
flows by the infusion of serotonin given as 1-3 ¿g/min directly 
into the left atrium. B, The severity of coronary flow varia- 
tions, obtained by averaging the 2 lowest mean flow velocity 
values (nadirs) as a percentage of controlled unconstricted 
blood flow velocity over a 30-minute interval, are shown dur- 
ing the control period of cyclic flows and after the serotonin 
receptor antagonist, ketanserin, had abolished cyclic alter- 
ations in coronary blood flow. The severity of cyclic coronary 
flows after their restoration by serotonin administration is 
shown in the far right. *p <0.05, significantly different from 
coronary blood flow velocity during infusion of serotonin and 
before coronary flow variations were restored. **p <0.05, 
significantly different from control, unconstricted coronary 
blood flow velocity. tThe mean flow velocity nadir in seroto- 
nin-restored coronary flow variations was taken as a percent- 
age of mean flow velocity after infusion of serotonin but be- 
fore the restoration of coronary flow variations. CFV = coron- 
ary flow variation. (Adapted from Circulation.”*) 
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| TABLE N Growth Factors Potentially Associated with 
< Marked intimal Proliferation After Endothelial Injury at Sites of 
4 Coronary Artery Stenosis 


Platelet-derived growth factors 
Transforming growth factors 


Serotonin 

Epidermal growth factors 
Fibroblast growth factors 
Heparin-associated growth factors 
Insulinike growth factors 
Endothelin 


alterations. Interfering with both is virtually always pro- 
“tective.*® Thus, both thromboxane and serotonin are im- 
portant for initiating or sustaining cyclic flow reductions 
in this experimental model.” If the contribution from 
: both thromboxane and serotonin receptor stimulation is 
eliminated, cyclic coronary flows are very difficult to 
‘restore, even if systemic epinephrine concentrations are 
markedly increased.?7 
=+ Recently, it has been demonstrated that subsets of 
‘patients with limiting angina and significant coronary 
artery disease have increased transcardiac serotonin con- 
‘centrations. 3? Moreover, subsets of patients with limiting 
angina have a vasoconstrictor substance in their coronary 
-sinus effluents whose vasoconstrictor effect is blocked by 
a serotonin receptor antagonist.'4 


‘CORONARY ARTERY STENOSIS AND 
ENDOTHELIAL INJURY IN CLOSED-CHEST, 
AWAKE, UNSEDATED DOGS 
Chronically instrumented, awake, unsedated dogs de- 
“velop cyclic coronary flow variations or persistently re- 
duced coronary blood flow 2 to 7 days after their original 
‘instrumentation with an external coronary artery con- 
‘strictor and the resultant endothelial injury.’* Cyclic cor- 
onary flow variations or a low-flow state are seen in these 
animals. There is a continuum between these states and 
the complete stoppage of coronary blood flow, which is 
“associated with a coronary artery thrombus. Cyclic coro- 
“nary flow variations and the low-flow state are often 
reversed to normal coronary blood-flow patterns by 
thromboxane and serotonin receptor antagonists in this 
experimental model,” just as they are in open-chest, 
anesthetized animals.'?-?’ 
_ The awake, unsedated, closed-chest dog may develop 
cyclic coronary-flow alterations or a severe and sustained 
reduction in coronary blood flow when excited by the 
_presence of a person, by food or by low-level exercise.” 
_ This suggests that excitement and low-level effort may 
contribute to platelet aggregation with consequent me- 
chanical obstruction and dynamic reductions in coronary 
_ blood flow when coronary artery stenosis and endothelial 
injury coexist. Again, thromboxane and serotonin recep- 
tor antagonists usually prevent the cyclic coronary-flow 
alterations caused by low-level exercise in this model.” 
One to 3 weeks after the application of the coronary 
artery constrictor and the endothelial injury, and after 
‘ frequent cyclic coronary flow alterations, chronically in- 
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‘strumented dogs develop marked intimal proliferation SS 





that converts moderately severe coronary artery stenosis 
to more critical stenosis. 3 
Similar intimal proliferation has been described i in 


endothelially injured carotid arteries in the rat, andin: oo 
the patient who develops restenosis after coronary artery | 


angioplasty.” The marked intimal proliferative responses. : : 


found in the stenosed coronary artery with endothelial 


injury and chronic cyclic coronary flow alterations in the: 


awake, unsedated dog and in patients with restenosis 


after coronary artery angioplasty may be caused by the . 
accumulation of selected growth factors from aggregat- . 


ing platelets-or infiltrating white blood cells and activated a 


T cells, including 1 or more of the following (Table ID: 
platelet-derived growth factors, transforming growth fac- 
tors, epidermal growth factor, fibroblast growth factor, 
serotonin, endothelin or a heparin-associated growth fac- 
tor.*4+-39 Further studies are needed to test this suggestion 
and to identify which growth factor(s) and cell popula- 
tion(s) contribute to the fibroproliferative reaction. 


CLINICAL IMPLICATIONS AND FUTURE 
PREDICTIONS 

If platelet aggregation and the consequent release of 
thromboxane and serotonin are important in initiating or 
sustaining selected acute coronary artery disease syn- 
dromes, including unstable angina, an intervention that 
interferes with platelet aggregation and the subsequent 
release of thromboxane or serotonin, or both, should re- 
duce morbidity and mortality in patients with unstable 
angina. Clinical studies*°*! have shown that aspirin—an 
inhibitor of cyclooxygenase, thromboxane synthesis and: 
platelet aggregation—reduces the risk of subsequent non- 
fatal myocardial infarction and death in patients with 
unstable angina. Specifically, a multicenter Veterans Ad- 
ministration Medical Center study established that. in 
men aspirin (325 mg/day) reduces mortality and the risk 


of nonfatal myocardial infarction in the weeks after onset: 


of unstable angina.*° A Canadian study?! demonstrated. 
that the equivalent of 4 aspirin tablets/day reduces mor- 
tality and the risk of subsequent nonfatal myocardial 
infarction in the ensuing 2 years in men and women with 
unstable angina. These data are consistent with the hy- 
pothesis that in humans platelet aggregation and subse- 
quent increases in local thromboxane and serotonin con- 
centrations may play a role in the abrupt conversion from 
chronic to acute coronary artery disease syndromes 
through thromboxane and serotonin accumulation, lead- 
ing to further platelet aggregation, coronary vasocon- 
striction and, sometimes, the development of occlusive 
coronary thrombi (Fig. 1). 

Available data from clinical and experimental animal 
studies are consistent with the hypothesis that interfer- ` 


ence with thromboxane and serotonin’s contributions to 


platelet aggregation and dynamic coronary artery con- 
striction may prevent conversion from chronic. to acute 


coronary artery disease syndromes, including the devel- 


opment of unstable angina and myocardial infarction in 
at least some patients at risk. Substantial protection pre- 























_ venting the conversion from stable to unstable angina and 
nyocardial infarction may very well require both throm- 
boxane and serotonin receptor antagonists or the combi- 
nation of a thromboxane synthesis inhibitor and receptor 
antagonist with a serotonin receptor antagonist. Future 

clinical studies should test this hypothesis directly. 
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"Correlations Between Fibrinolytic Function and 
Acute Myocardial Infarction 


Björn Wiman, MD, PhD, and Anders Hamsten, MD, PhD 


The diurnal variation of tissue plasminogen activa- 


tor and plasminogen activator inhibitor —2 impor- 
tant factors in regulation of fibrinolysis—is well es- 
tablished, but its clinical implications are not yet 
fully understood. Fibrinolytic function was mea- 
sured in a group of 133 patients <45 years of age, 
3 months after they presented with myocardial in- 
farction, and they were compared with an equal 
group of carefully matched control subjects. A sub- 
sample of 71 patients and 50 control subjects was 
‘examined 3 years later. Tissue plasminogen activa- 
tor inhibitor plasma levels were higher in patients 
‘versus control subjects at 3 months and at 3 years 
after myocardial infarction, with a high degree of 
correlation between the 2 determinations 

=- 0.87). Of all hemostatic parameters studied, 

y low tissue plasminogen activator activity and 
increased tissue plasminogen activator inhibitor 
vels were significantly different between patients 
vith and without recurrent infarction during the 3- 
year period. In those patients with a second infarc- 
tion >3 years later, however, tissue plasminogen 
activator inhibitor concentration was not signifi- 

: cantly related to reinfarction. 

: (Am J Cardiol 1990;66:54G-—56G) 
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the vessel wall and the plasma concentration of 
plasminogen activator inhibitor-1 (PAI-1) are 2 
important factors in the regulation of in vivo fibrinolytic. 
function.! An impaired function of the fibrinolytic en- 
zyme system is frequently observed in patients with 
thrombotic disease, either due to decreased release of t- 


Rie of tissue plasminogen activator (t-PA) from 


PA from the vessel wall endothelial cells, or, more com- : 


monly, to increased plasma PAI-1 levels, or a combina- 
tion of both.23 The fibrinolytic activity is subjected toa 
circadian variation with a minimum early in the morning — 

and a peak in the evening. This phenomenon has been 
known for 30 years, but it is only lately, with the discovery 
of PAI-1 in plasmas and the availability of specific 
methods for measuring t-PA and PAI-1, that it has been 
studied in greater detail.” The reason for the circadian 
variation is, however, not fully understood, but it seems 
that the variation in PAI-1 levels is more pronounced 
than that of t-PA levels, with peak levels occurring 
around 4 A.M. to 6 a.M., when fibrinolytic activity is lowest. 


In the current summary we will discuss our results .. 


regarding fibrinolytic function in a group of patients pre- = 
senting with myocardial infarction (MI) before the ageof 
45. The investigation started as a case-control study, and 
was subsequently continued as a prospective study of 
recurrent myocardial infarction.5~!0 


METHODS 

Postinfarction patients were subjected to hemostatic 
and metabolic evaluation about 3 months after the MI, 
along with carefully matched control subjects. Blood 
samples were drawn in the morning from the patients and 
their control subjects on the same occasion." A subsample 
of both patients and control subjects was investigated for 
hemostatic parameters 3 years later.? All patients were 
also followed to identify recurrent infarction.'° 

PAI-1 activity was measured by inactivation of single- 
chain t-PA!! and the activity expressed in arbitrary units: 
(AU) correspending to international t-PA units (IU). - 
Determinatiorof t-PA was performed by a coupled pe 
trophotometric assay using soluble fibrin as stimulator.!! 


The t-PA antigen was measured with a double antibody. n 


radioimmunoassay. !2 Rae 
Unfortunately, no specific method for determination 

of t-PA activity was available at the time of the baseline. — 

investigation. Therefore, on that occasion, plasminogen 


activator activity was determined by the fibrin plate assay. e : 
using euglobulin precipitates. Urokinase was used asa 
standard and the results expressed in Plough units (PU). < 














| TABLE! Fibrinolytic Parameters in Young Myocardial : 
infarction Patients in Blood Samples Drawn Three Months and 
‘Three Years After the Event* 


3 Months 









3 Years 










Control Control 
Pts Subjects Pts Subjects 


(133) (71) (50) 
0.29 +0.03? 0.58 +0.04 — = 















PA activity after 
occlusion 
; (PU/ml) 
| tPA activity after — — 
ʻi occlusion 
QU/m) 
t-PA antigen 
ug/L 
Before = — 
¿> occlusion 
io After — — 
ep. occlusion 
41 PAWII before 
occlusion 
(AU/ml) 
* Data from matched control subjects are included for comparison. All data are 
mean :t standard error of the mean. 
0 Tp <0.01,# p <0.001 on comparison with control subjects. 


poo arbitrary units; PA = plasminogen activator; PAI-L = plasminogen activator 
ý inhibitor; PU = Plough units; t-PA = tissue plasminogen activator. 


3.2406* 9.0415 


5840.2? 4940.2 













14.3407? 15941.2 


17.341.2' 105407 160416 7541.1 

















ESULTS AND DISCUSSION 
The results of measurements of fibrinolytic variables 
patients 3 months and 3 years after MI are summa- 
ized i in Table I. 
At 3 months after MI, the patient group had signifi- 
i cantly decreased ability to release plasminogen activator 
„activity on venous occlusion as compared to the control 
subjects. Since no precautions were taken during blood 
_ Sampling for the fibrin plate assay to prevent inactivation 
by PAI-1 present in the plasma, these results were most 
likely determined by increased PAI-1 levels in the sam- 
ples. Indeed, the patient group had markedly increased 
-PAI-1 levels as compared to the control subjects. 
At 3 years after MI, the fibrinolytic disturbances per- 
_ © sisted in the patient group, with increased plasma PAI-1 
concentration and low t-PA activity in samples both be- 
-fore and after venous occlusion as compared to the con- 
- < trol subjects. In contrast to t-PA activity, no difference 
`- was observed regarding t-PA antigen levels, either in 
: preocclusion or postocclusion samples. The specific activ- 
_ ity of the released t-PA in the healthy individuals was 
close to the theoretical value for fully active t-PA but only 
_., about 30% of full activity in the patient group. This indi- 
cates that a major portion of the released t-PA in the 
patients becomes rapidly neutralized by PAI-1. 
coio The PAI-1 levels in plasma were highly increased 
both 3 months and 3 years after MI with a high degree of 
correlation (r = 0.87) between the 2 determinations. This 
- -certainly indicates that the elevated PAI-1 levels were not 
_ merely a result of an acute phase response, which may 
__. also influence plasma PAI-1 levels.'? This notion is also 
_- supported by the fact that the connection between PAI-1 
levels and MI persisted also after multivariate statistical 
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Th E ll Fibrinolytic Parameters and Fibrinogen in Young. 
Myocardial Infarction Patients With and Without 
Recurrences* 



















Late 
Reinfarction 
(18) 


Uneventtul 
Course 
(90) 


3.54 1.0 
17.9413.4 
0.32 40.46 


Early 
Reinfarction 
(19) 


3.84 1.2 
26.6 + 16.7 
0.08 + 0.07 

















p Value 1 
NS 


<0.05 | 
<0.05 


Component 









3.54 1.1 
18.7411.4 
0.24 + 0.32 


Fibrinogen (g/liter) 
PAI-1 (AU/ml) 
Plasminogen 
activator 

activity (PU / m} 
* The samples were drawn about 3 months after the first event. The data are given- d: 
as mean + standard deviation and differences between the groups evaluated by’) 


analysis of variance, : 
NS = not significant, other abbreviations as in Table |. 































analysis with orosomucoid (acidic a)-glycoprotein) con- 
centration included in the model. i 
PAI-1 concentrations correlated positively with serum 
triglyceride levels and the weight/height ratio, whichis in. 
agreement with data from other groups.'* In addition, 
insulin levels seem to correlate with PAI-1 concentra- 
tions.'4 On dividing the patient group according to lipo- 
protein phenotype, it appeared that the patients with hy- 
pertriglyceridemia had more than threefold elevated. 
PAI-1 levels as compared to the normolipoproteinemic: 
control subjects. In contrast, in the normolipoproteinemic 
patients a lesser ability to release t-PA on venous occlu 
sion was relatively more frequent. 
Currently, 127 male patients without severe concomi 
tant disease have been included in the study and follow 
for at least 5 years. During this time, 37 patients suffered 
reinfarctions, of which 19 were within 3 years of the first 
MI and 18 were later (3 to 8 years after the first event). 
The results of fibrinolytic parameters at 3 months afte 
the first MI in these groups are summarized in Table II 
Of all the hemostatic factors studied, only a low PA 
activity after venous occlusion and increased PAI-1 levels. 
were significantly different between the patients with and 
without recurrences within 3 years. Fibrinogen levels- 
tended to be different but failed to reach significance _ 
(p = 0.08). The statistical difference in PAI-1 levels per- 
sisted also after multivariate analysis, when lipids, coro- 
nary atheromatosis score and left ventricular function. 
(ejection fraction) were included. However, in those pa- | 
tients with a second MI more than 3 years after the first 
event, the PAI-1 concentration was no longer significant 
ly related to reinfarction. Currently, the reason for this is- 
not known, but 1 explanation might be that the cause of. 
increased PAI-1 levels 3 months after MI differs among . 
the patients and that a subpopulation only temporarily 
has increased levels. Perhaps, analysis of PAI-1 concen 
tration must be performed on several occasions to detect 
those subjects with constantly elevated levels. More work 
is needed to clarify this point. 
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Propranolol and the Morning Increase in . 
Sudden Cardiac Death: (The Beta-Blocker 


Heart Attack Trial Experience) 


Robert W. Peters, MD 


<- To provide insight into the protective effect of pro- 
_ _ pranolol on mortality after myocardial infarction 
-Observed in the 6-Blocker Heart Attack Trial, the 
time of occurrence of sudden cardiac death was ex- 
- amined in this population. Between 5 A.M. and 11 
_ A.M., 25 of the 56 total deaths (38%) occurred in 
the placebo patients compared with 11 of 45 
` > (24%) in the propranolol patients. Excluding this 
period, there were nearly equal numbers of sudden 
Cardiac deaths in the propranolol and placebo 
| groups. This retrospective analysis suggests that 8 
blockade is protective during the morning hours 
when a surge of sympathetic activity may increase 
the risk of sudden cardiac death. 
E (Am J Cardiol 1990;66:57G-59G) 
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mately one-sixth of all deaths in the United States. 

is a major problem confronting contemporary car 
diology.! More detailed information about its pathogene 
sis is mandatory if specific preventive measures are to be 
developed and implemented. Recent evidence suggest: 
that SCD is more frequent during the midmornings 
hours.'? Similar midmorning peaks are found in the on: 
set of myocardial infarction and transient myocardia 
ischemia.>-> The available data implicate increased sym 
pathetic nervous system activity associated with awaken 
ing and assuming the upright posture in the pathogenesi 
of these disorders. Beta blockers have been shown te 
diminish the morning peaks in the occurrence of transien' 
myocardial ischemia, and myocardial infarction does no 
appear to have a prominent morning peak in patient 
taking 6-blocking agents before onset of infarction. 

The 6-Blocker Heart Attack Trial (BHAT) and othe: 

studies have demonstrated that 8-adrenergic blockin; 
agents prevent SCD and recurrent myocardial infarc 
tion,®’ although the mechanism of this beneficial effec 
has not been identified. Accordingly, we examined th 
time of occurrence of SCD in the large and carefull; 
followed population of the BHAT to determine: (1) if; 
morning increase existed in patients not receiving | 
blockers and (2) whether this increase, if present in th 
placebo group, would be eliminated in those randomh 
assigned to 6-blocker therapy. A full report of this experi 
ence has recently been published.’ 


S udden cardiac death (SCD), which causes approxi 





METHODS E 

The BHAT was a randomized, double-blind, placebo- 
controlled study of propranolol in the prevention of mor 
tality and morbidity after acute myocardial infarction 
Recruitment of 3,837 subjects was carried out betwee: 
June 1978 and October 1980. A detailed description o 
materials and methods has been published.° Briefly, pa: 
tients aged 30 through 69 were randomized to ‘eithe 
propranolol (180 or 240 mg/day) or placebo, 5 to 21d 
after admission for acute myocardial infarction. Specifi 
cally excluded were patients with either an indication 
(e.g., postinfarction rest angina) or a contraindication to 
the use of B blockers. After hospital discharge, patients. 
were seen in follow-up at regular intervals. 

All deaths were reported on a mortality form tha 
included a copy of the death certificate, informatio: 
about acute and prodromal signs and symptoms; as wel 
as postmortem examination results, when available. In 


formation about deaths was obtained by the participatin, 
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a calc centers through interviews with famaily members, 
_ bystanders at the scene of death and primary care physi- 
ns, The mortality forms were analyzed by a Mortality 
_ Classification Committee, and deaths were coded accord- 
_ ing to preset guidelines by 2 committee members. Dis- 
_ agreement between coders was resolved by a vote of the 
2 entire committee. All individuals involved in filling out or 

coding forms or care of BHAT patients were blinded as to 
eatment group. SCD was defined clinically, based, in 
part, on chronology, and not necessarily on definitive 
_ evidence of an arrhythmic mechanism or autopsy data, 
-since these data were frequently nonexistent. Death was 
considered to have occurred at the time of “clinical 
death,” rather than the time listed on the death certifi- 
te. Clinical death was defined as spontaneous cessation 
respiration and blood circulation with loss of conscious- 
ness from which there was no recovery, regardless of 
cardiopulmonary resuscitation efforts. Thus, if a patient 
a collapsed and never regained consciousness after pro- 
_ longed cardiopulmonary resuscitation, clinical death oc- 
-curred at the time of original collapse, even if the patient 
remained “alive” for another 3 days. The timing of clini- 
_ cal death was estimated to the nearest hour. In situations 
_ where this estimate was impossible (e.g., a patient who 
_ lived alone and was last seen 2 days earlier), the individu- 
al was excluded from analysis. For purposes of this study, 
CD included out-of-hospital deaths that were either in- 
taneous or occurred within 1 hour of the onset of 


ymptoms. 


RESULTS 
' There were 56 out-of-hospital SCDs in the placebo 
_ group compared with 45 in the group receiving proprano- 
lol: The majority of these deaths in both groups occurred 
-at home. As shown in Figure 1, from 5 to 8 a.m. there were 
_ 6 deaths in the placebo group compared with none in the 
_ propranolol group. Excluding the 6-hour period between 
‘Sand 11 a.m, there were nearly equal numbers of SCDs 
-in the propranolol and placebo groups. 









































period 
grouped in 3-hour intervals (e.g., 2 to 5 A.M. = the number of 
deaths between 2 AM: and 4:59 A.M., etc.). (Adapted from 
ee 
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DISCUSSION. 
Our findings in the BHAT r placebo group confirm 
previous observations that SCD displays a morning ins 


crease with a peak in the midmorning hours.'? In addi- 


tion, our study provides the first evidence that 8 blockers. 
prevent or blunt this midmorning peak. Our observations 
are of particular interest in light of the fact that, as 
previously reported, ventricular arrhythmias in BHAT _ 
did not display a midmorning peak but, in fact, were 
elevated throughout waking hours.’ This dissociation be- 
tween arrhythmias and SCD suggests that SCD in post- 
infarction patients is not purely arrhythmically mediated 
and that factors triggering the onset of coronary throm- ` 
bosis and myocardial ischemia may have an important 
role in pathogenesis. ee 
Study limitations: Our findings must be interpreted i in ae 


light of certain limitations. First, data analysis was per- -` 


formed retrospectively, so certain biases inherent in retro- > 
spective studies are possible. However, the data were 
obtained and tabulated prospectively and the time of. 
death was determined without knowledge as to treatment 
group, so systematic bias is unlikely. Second, our conclu- 
sions apply only to SCD occurring outside of a hospital. 
We chose to analyze only this select group because hospi- 


talized patients often have events or interruptions that 


affect the daily activity cycle (for example, being awak- 
ened in the early morning hours for medication adminis- 
tration, receiving intravenous lidocaine for treatment of 


ventricular ectopy and so on). Third, the timing of an< 
event is somewhat subjective, since critical information is- 


often unavailable. For this reason, we routinely excluded 
deaths where the timing (to the nearest hour) was uncer- — 
tain. Fourth, we do not have complete information on- 
several other factors, including medication compliance, 
the time that patients ordinarily took their medication (or 
even whether they took it at all in the days and hours 
preceding death), the time of awakening on the day of _ 
death and their usual waking and sleeping hours. Thus, it 
is possible that our data underestimate the protective 
effect of £ blockers. 


CONCLUSION 

Analysis of the timing of out-of-hospital SCD in the 
BHAT placebo group revealed a midmorning peak that 
was less prominent in the patients receiving propranolol. 
These observations add to the growing evidence that in- 


creased activity of the sympathetic nervous system associ- 


ated with awakening may trigger the onset of cardiovas- . 
cular events, and that 8 blockade may be of benefit by 
severing the linkage between a potentially triggering 
event and its cardiac consequences. This hypothesis could - 
be tested by analysis of the time of cardiac events in past- 


and future large-scale, randomized studies of B-blocker 


therapy. 
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“Beta-Blocker Duration of Action — 
and Implications for Therapy 


John B. Kostis, MD 





` Two studies were conducted to measure the effect 
- of serum half-life on 8-biocker—related heart rate 

_ reduction throughout the 24-hour period. In the 

_ first study, nadolol, atenolol and pindolol were as- 

_ sociated with significant (p <0.01) heart rate re- 

_ duction even at 24 hours after dose. Nadolol, with 
_ a plasma half-life of 15.5 hours, had the most pro- 
nounced heart rate-lowering effect 24 hours after 
-the daily dose compared to pindolol, which had a 

_ half-life of 5.5 hours. In a randomized, double- 

_ blind, crossover study, nadolol and atenolol had 

_ similar effects 3 to 4 hours after the daily dose. 

_ Nadolol, however, produced greater suppression of 
heart rate and double product (blood pressure x 

_ heart rate) than atenolol (compared to placebo) 24 
_ hours after ingestion of the daily dose. On ambula- 
tory electrocardiography 24 hours after medication 
administration, 80 to 100% of the heart rate-atten- 
uating effect of nadolol was maintained versus only 
20 to 45% of atenolol’s effect. Statistically signifi- 
cant (p <0.05) reductions in heart rate were pro- 
duced by nadolol, but not by atenolol, between 4 
and 5 A.M., 6 and 7 A.M., 8 and 9 A.M. and 9 and 
-10 A.M. Furthermore, nadolol remained at 52% of 
_ peak blood level at 24 hours, whereas atenolol was 
- at 20%. The data from these 2 studies indicate 

_ that significant differences in duration of action ex- 
_ ist between £ blockers. 

. (Am J Cardiol 1990;66:60G-62G) 
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blocker therapy on the circadian pattern of isch- 


Th is good evidence for beneficial effects of 8- . 
emic events. Recent studies have provided con- 


vincing evidence that 6 blockade is effective in reducing — - 


blood pressare, frequency of occurrence of angina and 
silent myocardial ischemia and the morning peak in isch- 


emic episodes.'~+ Beta blockers, however, differ in terms 


of important properties such as serum half-life. We con- 
ducted 2 studies*° to determine whether nadolol, atenolol 
and pindolcl provide equal “early” (3 to 4 hours after 
dose) and “late” (24 hours after dose) effects during... 
once-a-day administration. l 


COMPARISON OF NADOLOL 
AND PINDOLOL 
The benefit of 8 blockers in the symptomatic treat- 


ment of angina on effort is mediated primarily througha ` l 


decrease in double product (heart rate X blood pressure) 
during submaximal exercise.” Although the effects of 8 
blockers are not directly related to their blood concentra- 
tions we have found fairly good linear relations between 


the logarithm of 8-blocker blood level and pharmacody- | i 


namic effects on heart rate.$ $ 
Adult men with at least 5 attacks/week of angina on — 


effort caused by coronary artery disease were included in : 


the study. Patients with myocardial infarction or aorto- 
coronary bypass surgery within the preceding 3 months. 


were excluded, as were patients for whom @ blockade was: as 
contraindicated. The nadolol group was composed of 18 


patients receiving 40 to 160 mg once daily and the pindo- — 
lol group consisted of 11 patients receiving 40 to 160 mg 
once daily. After a 4-week, single-blind, placebo period, 
active drug treatment was initiated with biweekly upward 
dosage titration until 50% reduction in spontaneous angi- 
na attacks or unacceptable side effects occurred. Exercise 
treadmill tests were performed at the beginning and end 


of the placebo period and then every 2 weeks thereafter. _ . 
A late test was performed just before ingestion of the — 


daily dose (ie., 24 hours after the preceding dose) and an 
early test was ‘performed 2 to 3 hours after ingestion of 
the daily dese. In addition, blood pressure, heart rate, 
exercise tolerance and magnitude of ST-segment depres- 
sion were recorded at rest, at the end of each exercise 
stage and ai maximal exercise. ; 
The 2 § blockers effectively decreased spontaneous 
angina frequency (p <0.05) and increased exercise toler- 
ance on the treadmill (p <0.05) compared to placebo. © 


Slightly lower (not statistically significant) exercise toler- 


ance occurred at late testing compared with early testing — 
for both drugs. 

Significant (p <0.01) depression of heart rate re- 
sponse was cbserved using each of the 2 6 blockers during- 
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early exercise stress testing. Exercise heart rate depres- 
sion was still observed during late testing. Nadolol treat- 
-ment, however, was associated with greater attenuation 
maximal heart rate 24 hours after medication adminis- 
tion. Figure 1 illustrates the effects of nadolol and 
indolol on exercise double product. Although not signifi- 
cant, a trend toward more pronounced ST-segment de- 
ression at maximal exercise on late (24-hour) stress 
ting was observed in both treatment groups. 
A linear relation was observed between the logarithm 
f 8-blocker plasma concentration and heart rate at sub- 
maximal exercise. As the plasma 6-blocker concentration 
- declined with time (after medication administration), the 
submaximal-exercise heart rate increased. The plasma 
If-life of nadolol in this study was 15.5 hours and that 
pindolol was 5.5 hours, and the heart rate-lowering was 
more pronounced for a longer period with nadolol com- 
_ pared with pindolol. 
















_ COMPARISON OF NADOLOL AND ATENOLOL 
Given that the serum half-lives of the once-daily 8 
blockers, nadolol and atenolol, vary, a randomized, dou- 
ble-blind, crossover study® was conducted to compare 
- their effects 3 to 4 hours and 24 hours after the daily dose. 
- — Nineteen men and 4 women who had classic angina oc- 

curring no less than 5 times/week participated in the 

-< study. Antianginal therapy was withdrawn over a 2-week 

_ period. The study consisted of 3 periods: a placebo run-in 

_ period; a randomized, double-blind, active-therapy peri- 
_ od; and a double-blind, crossover (active therapy) period. 
-> During the first 2 weeks of the placebo run-in period, 
all antianginal medications were withdrawn. During the 
_ final 2 weeks, all antianginal therapy except for nitroglyc- 
_ erin (for pain, not prophylaxis) was discontinued. Test 

`- results of week 4 were used as baseline values. 

_... The randomized, double-blind, active-therapy period 
-lasted 4 weeks. For the first 14 days, random assignment 
was made to nadolol 40 mg or atenolol 50 mg. Treatment 

_was increased to 80 mg nadolol or 100 mg atenolol after 
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4 days; if angina frequency was not reduced by 250% 
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FIGURE 1. Effect of nadolol (A) and pi 


(dots). (Adapted from Am Heart 13) nS 


Placebo 
at 24h 


Atenolol 
at 24h 
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EDP = Systolic blood pressure X heart rate 
at maximum exercise 
FIGURE 2. Effect of atenolol and nadolol on exercise double 
a ee (Adapted trony Am 
ardiol. 


During the 2-week, double-blind, crossover period, the 
patients receiving 50 mg atenolol at the end of the pre 
ous period were assigned 40 mg nadolol and vice ver: 
Similarly, the patients receiving higher doses of the 
agents were switched accordingly. The mean dose ol 
atenolol was 69 + 25 mg and of nadolol 55 + 20 mg. 

At the end of each study period, exercise stress tests 
were conducted at estimated peak (approximately 3 to 
hours) and trough (approximately 24 hours) drug blood 
levels. Before the initiation of exercise testing, venous 
blood was drawn to measure drug levels. Sixte patient 
completed all 3 phases of the study. 

Approximately 3 to 4 hours after the daily done, both 
nadolol and atenolol were associated with prolonged exer. 
cise time on the treadmill. There were no significa 
differences between the 2 agents’ effects on the exe 
variables (supine, standing, submaximal- and maxirr 
exercise heart rates and double products). 

When testing was performed 24 hours after inge: 
of the daily morning dose, the suppression in heart r: 
and double product compared with placebo was m 





nounced: during nadolol treatment compared with 
tenolol treatment (Fig. 2). Statistically significant dif- 
ences between the 8 blockers’ effects on supine, stand- 
ng and maximal-exercise heart rates and for maximal- 
xercise double products were present. 
While the 2 agents did not differ significantly in their 
__ effects on heart rate in the late morning, evening and 
night hours, nadolol was more effective in the hours just 
before and after ingestion of the daily dose. In essence, 
nadolol continued to effectively lower heart rates even 
efore plasma drug levels were expected to reach peak 
alues. Between 4 and 5 am. and 6 and 7 aM, these 
erences compared to placebo were statistically signifi- 
_ cant (p <0.05) for nadolol but not for atenolol. Between 8 
and 9..M.and 9 and 10 a.M., heart rates were significantly 
wer (p <0.05) for nadolol than for atenolol. 
The different pharmacokinetic properties of the 2 8 
lockers may account for the observed differences be- 
een the 2 agents. The estimated half-life of nadolol was 
93 + 7 hours compared to 8.87 + 1.03 hours for 
nolol. Nadolol’s half-life was more than twice as long 
s that of atenolol. Furthermore, 24 hours after dose 
\dministration, nadolol remained at 52% of peak blood 
el versus 20% of peak blood level for atenolol. 
Both agents were found to be effective (p <0.0001) in 
creasing angina frequency (tabulated attacks/week) 
pared with placebo. In this respect, there was no 
tical difference between the 2 drugs. The fact that 
is not associated with significantly higher angi- 
na frequency despite lower blood levels in the morning 
urs may be a result of the study’s low power to examine 
differences in angina frequency hour by hour. 





























CONCLUSIONS 


These 2 studies indicate that while patenis: are receiv- : : 
ing once-a-day administration, agents such as the 8- 


blocker nadolol, which have been shown to have longer 


pharmacodynamic half-lives, can produce significant re- 
duction in exercise parameters throughout the full 24- 
hour dosing interval, including the vulnerable morning 
hours. Suppression of double product was more pro- _ 
nounced for nadolol than atenolol at 24 hours after the — 
dose. In 8-blocker therapy it is important to consider an 
agent’s half-life among other properties, since there ap- 
pear to be significant differences in duration of action 
between £ bleckers that have been defined as long-acting. ~ 
These differences may have clinical significance, since 
ischemic events (both overt and silent) tend to occur more 
frequently in the morning hours. ; 


REFERENCES 


1. Mulcahy D, Keegan J, Cunningham D, Quyyumi A, Crean P, Park A, Wright 


C, Fox K. Circadian variation of total ischemic burden and its alteration with: 


antianginal agents. Lancet 1988;2:755-758. oa 
2. Mancia G, Ferrari A, Pomidossi G, Parati G, Bertinieri G, Grassi G, Gregorini => 
L, Zanchetti A. Twenty-four-hour hemodynamic profile during treatment of.: 
essential hypertension by once-a-day nadolol. Hypertension 1983;5:573-578. 

3. Quyyumi AA, Crake T, Wright CM, Mockus LJ, Fox KM. Medical treatment 

of patients with severe exertional and rest angina: double blind comparison of 

beta-blocker, calcium antagonist, and nitrate. Br Heart J 1987;57:505~511. 


4. Imperi GA, Lambert CR, Coy K, Lopez L, Peine CJ, Effects of titrated beta : 


blockade (metoprolol) on silent myocardial ischemia in ambulatory patients with | 
coronary artery disease, Am J Cardiol 1987,60:519-524. 

&. Kostis JB, Lacey CR, Krieger SD, Cosgrove NM. Atenolol, nadolol, and 
pindolol in angina: pectoris on effort: effect of pharmacokinetics. 4m Heart J 
1984;108:1 131-1136. : 
6. Kostis JB. Comparison of the duration of action of atenolol and nadolol for. 
treatment of angina pectoris. Am J Cardiol 1988;62:1171~-1175. woo 
7. Robinson BR. The mode of action of beta-antagonists in angina pectori 
Postgrad Med J '971,47(suppl 2):41-44. ni 


62G THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 66 








- Effect of Beta-Adrenergic Blocking Agents” 


on the Circadian Occurrence of 
Ischemic Cardiovascular Events 


Sidney Goldstein, MD 







blocking agents can modify the circadian occur- 
. rence of a variety of ischemic events. Morning 
ae awakening is associated with a rapid increase in 
blood pressure and pulse, serum catecholamine 
_ content and platelet activation, at a time of de- 
greased blood thrombolytic activity. Beta-adrener- 
gic blocking agents have the potential to modify 
-many of these events. Current data indicate that 

_ these agents modify blood pressure and pulse, but 
do not prevent their early morning increase. In ad- 








n tricular ectopy and its circadian variation. Recent 

_ studies in humans indicate, however, that metopro- 
lol does not affect the circadian increase in platelet 
activity or serum catecholamines. The specific 

} by which 6 blockers affect the circadian 
occurrence of ischemic events remains uncertain. 
(Am J Cardiol 1990;66:63G-65G) 
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Clinical observations suggest that §-adrenergic 


ecent observations have drawn attention toa circa- 

dian occurrence of acute ischemic events, includ- 

ing angina pectoris,' acute myocardial infarction? 
and sudden death.’ This increased morning circadian 
event rate in patients with ischemic heart disease has 
provided a stimulus for consideration of the temporal 
occurrence of acute ischemic syndromes in a umber of 
clinical settings. 

In addition to calling attention to the temporal ocon 
rence of ischemic cardiac syndromes, Muller et al? 
ported a modulating effect of B-adrenergic blocking 
agents on the circadian occurrence of acute myocardial 
infarction. They reported that patients receiving a 6- 
adrenergic blocking agent before their acute myocardial 
infarction had a reduction of the early morning peak in 
the occurrence of that event. This observation suggests a 
link between the pathophysiologic effects that occur on 
awakening and their potential modification by G-adrene 
gic-blocking agents. 

These observations are supported by a retrospecti 
analysis of the 6-Blocker Heart Attack Trial by Peters 
al.*° In that study, propranolol treatment appeared to 
have its major salutary effect on the occurrence of sudden 
death in the early morning hours in postmyocardial i 
farction patients. In the placebo patients, 38% experi- 
enced sudden death between 5 a.m. and 11 A.M. , compared 
to 24% in the propranolol-treated patients. In the remain- 
ing period of the day the occurrence of sudden death was 
almost equal in both placebo and treatment groups. 

In a seminal review, Muller et alô described the physi 
ologic factors related to circadian and other triggers of 
morbid events in cardiovascular disease. A number of 
neurohumoral and hemodynamic changes have been 
known to occur in a circadian fashion. The process of 
morning awakening is associated with increased blood 
pressure and heart rate.’ In addition to these hemody- 
namic changes, adverse modification of neurohumoral 
and hematologic functions occur that have the potential 
to initiate the occurrence of acute ischemic events. These 
include increases in plasma norepinephrine and epineph- 
rine,® cortisol? and platelet aggregability,!° at a time 
when low levels of tissue-type plasminogen fibrinolytic 
activity are present.!! 

How B-adrenergic blocking agents modify these isch- 
emic events is uncertain. The role of 6-adrenergic block- 
ing agents on angina pectoris has provided some insight 
into these mechanisms. Prager et al,!? using a 6; -selective 
blocker, demonstrated a significant reduction in the ci 
cadian frequency of ischemic episodes during! treatmen 
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Studies with meioprolo"? and atenolol!4 have also dem: 
strated a decrease in the occurrence of symptomatic 
id asymptomatic ischemia throughout the day. They 
appear to have a particular effect on modifying the cary 
orning occurrence of ischemic events. Cohn et al! and 
ters et al!° examined the effect of long-acting propran- 
lol on silent myocardial ischemia and sudden cardiac 
death respectively, and observed a benefit throughout the 
y and a reduction of the morning circadian peak. It is 
ear that £- adrenergic bloeking agents have a salutary 
fect on angina and attenuate its circadian occurrence. 
here appear to be at least 4 possible mechanisms by 
which §-adrenergic blocking agents can achieve their ef- 
ect. Beta-adrenergic blocking agents can modify: (1) 
blood pressure and pulse rate; (2) clotting mechanisms; 
catecholamines and their receptors; and (4) cardiac 
rrhythmias. 































EMODYNAMIC MECHANISM 

In hypertensive patients metoprolol decreases the 
pulse rate and blood pressure, but it does not, however, 
blate the circadian variation of blood pressure.'’ In pa- 
ents with angina pectoris, metoprolol decreases mean 
ystolic and diastolic blood pressure and pulse, but does 
ot change the increase in these parameters on awaken- 
ing. It is possible, therefore, that these agents achieve 
their hemodynamic effect by decreasing the overall deter- 
ants of myocardial oxygen requirements rather than 
eir sudden change. Alternatively, the beneficial hemo- 
ynamic effect of 8 blockade may be the result of a 
ecrease of peak systolic values, since a decrease of the 
basal values results in lower peak values even though the 
orning increases of arterial blood pressure and heart 





rate remain. 
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FIGURE 1, Total mortality in the P-Dlocker Heart Attack Trial 
Adaptad from J Am Coll Cardiol.) 









HEMATOLOGIC MECHANISM ee pee my 
Tofler et al'® described the association between plato e 
let aggregability and the circadian occurrence of acute 
myocardial infarction and sudden death. Beta blockers 
may affect ischemic episodes by modifying the coagula- 
ble state of the blood. A number of studies have demon- 
strated that @-adrenergic blocking agents reduce platelet 
ageregability and affect coagulation mechanisms in- 
man.!%20 This area remains controversial, however; since“ 
investigations are not without some degree of contradic- 
tion.2! Examination of the effect of metoprolol on circadi- _ 


an platelet activation failed to demonstrate any effect of 


that drug. These data suggest that either platelet activa- 
tion as measured by in vitro techniques does not reflect. 
systemic platelet function, or that the salutary effect of 8 
blockers on ischemia is not related to the hematologic _ 
mechanism. 


NEUROHUMORAL MECHANISM 


Recently the interrelation between silent ischemia and > 


catecholamines has been examined in patients with stable — 
coronary artery disease during treatment with metopro- 
lol.!3 Although ischemic events were suppressed with me- 
toprolol, there was no evidence of modification of serum. 
catecholamine concentration during treatment. 


ARRHYTHMIA MECHANISM 


Beta-adrenergic blocking agents may also exert their- a 


salutary effect on sudden cardiac death mortality by 
modifying ventricular ectopy. These agents suppress the - 
occurrence of ventricular ectopy in normal persons and in. 
patients with ischemic heart disease. Observations in the - 
8-Blocker Heart Attack Trial demonstrate that the de- 
crease in complex ventricular ectopy observed in propran- 
olol-treated patients was associated with a decrease in 
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pranolol groups 
at midnight. (Adapted from Circulation.23) 


64G Sane oun OF CARDIOLOGY VOLUME66 











cardiac mortality (Fig. 1).22 Of particular interest was 
the observation that propranolol eradicated the increase 
in ventricular ectopy that occurred with awakening and 
persisted throughout the day (Fig. 2).”? Similar results 
__ were observed by Prager et al!? in patients with ambula- 
_. tory angina in whom the suppression of the circadian 
occurrence of ischemia was associated with a decrease in 
-ventricular ectopy. A recent study by Nademanee et al?4 
also confirmed the suppression of diurnal variation in 
ventricular ectopy in nadolol-treated patients. 
_. The importance of the role of acute ischemia and 
-= platelet aggregation as a mechanism by which ischemic 
events occur is emphasized by Davies and Thomas?’ in 
their autopsy studies of sudden-death victims. How £- 
adrenergic blocking agents affect this mechanism re- 
~ mains unclear. A number of hypotheses have been pro- 

posed. It is clear that these agents modify blood pressure 
and pulse rate, and therefore decrease the physical intra- 
vascular forces that can lead to plaque rupture. In addi- 
tion, the effect of 8 blockers on platelet aggregation still 
“remains uncertain. Although several studies have exam- 
-ined the effect of these drugs on platelet activation using 
-in vitro technology, the possibility still exists that these 
measurements do not accurately reflect in vivo platelet 
activity. 
cov Tt is also possible that -adrenergic blocking agents 
may affect sudden cardiac death and ventricular fibrilla- 
n by modifying ventricular ectopy and ventricular-fi- 
brillation threshold.” 
Clinical investigations support the benefit of 8-adre- 
ergic blocking agents in the prevention of circadian isch- 
emic events. A complete understanding of the interaction 
between 8 blockers and acute ischemia remains to be 
eveloped. This group of agents not only has provided a 
therapy by which one can modify these events, but also a 
_ pharmacologic probe with which we can examine the 
mechanism by which they occur. 
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pta-adrenergic blockers have been shown defi- 
nitely to reduce the incidence of total mortality, 
diovascular mortality, sudden death and nonfa- 
reinfarction in survivors of an acute myocardial 
infarction. The mechanisms to explain this protec- 
tive action of £ blockers have never been elucidated 
conclusively, and include the antiarrhythmic and 
yocardial oxygen demand-reducing effects of the 
s. An antithrombotic mechanism has also been 
ggested. However, £ blockers have relatively 

k antiplatelet activity, suggesting that their an- 
tithrombotic effects may be related to prevention of 
coronary artery plaque rupture and the subsequent 
propagation of an occlusive arterial thrombus rath- 

than direct anticoagulant action. The therapeutic 
ability of £ blockers to attenuate the hemodynamic 


consequences of catecholamine surges, may pro- 
tect a vulnerable atherosclerotic plaque from frac- 
ture, thereby reducing risk of coronary thrombosis, 
myocardial infarction and death. 

i (Am J Cardiol 1990;66:66G-70G) 
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disease (CAD) in the United States, more than 

600,000 patients are admitted annually to hospi- - 
tals with a diagnosis of acute myocardial infarction 
(MI).! Even with today’s modern therapy, there is a 
substantial in-hospital mortality followed by an increased: 
morbidity and mortality in the post-hospital period.? Pa- = 
tients <70 years of age who survive the in-hospital phase 
of MI have a 10% mortality rate in the first year after 
discharge, with the highest proportion of deaths occur- 
ring in the first 3 months.’ Subsequently, there is a 5% 
annual mortality rate, 6 times higher than the expected 
rate in an age-matched population without CAD.? Ap- 
proximately §5% of deaths that occur after hospital dis- z 
charge are related to CAD, most likely from recurrent 
coronary thrombosis with and without ventricular fibril- 
lation. iai 
Prospective epidemiologic studies have identified sub- 
sets of infarct patients with a high, intermediate or low ~ 
risk of mortality.** Prolonging life in this heterogenous 
group of patients is a major goal of preventive therapy. To 
reach this goal, a variety of therapeutic approaches have _ 
been or are being evaluated, including life-style measures 
(dietary modification, cessation of smoking and physical 
exercise) and coronary artery reconstructive procedures.’ 
Specific pharmacologic agents have included anticoagu- — 
lants, thrombolytic drugs, drugs that inhibit platelet ag- 
gregation, antiarrhythmic drugs, calcium antagonists, 
angiotensin-cenverting enzyme inhibitors and B-adrener- 
gic blockers.» Among the multiple long-term treatment 
interventions evaluated to date, B-adrenergic blockade — 
and aspirin therapy have been clearly demonstrated to be 
efficacious in reducing cardiovascular mortality and non- 
fatal reinfarction in patients surviving the acute phase of 
MI Lee 


D espite a decline in the incidence of coronary artery : 



















BETA-ADRENERGIC BLOCKADE INTHE = = 
POSTINFARCTION PERIOD EERS 
The presumed major mechanisms for increased risk of 
cardiovascular mortality during the postinfarction period 
include persistent myocardial ischemia, cardiac arrhyth- _ 
mias, left ventricular dysfunction and recurrent coronary 
thrombosis.'~*7 Elevations in plasma catecholamine lev- . 


els or enhanced sympathetic drive can increase both the 








severity. of myocardial ischemia and the frequency of 
-ventricular arrhythmias. After the clinical introduction of 
- propranolol for therapy of angina pectoris and arrhyth- 
-= mias, it was proposed that a 8 blocker may favorably 
-influence the natural history of patients with MI by atten- 
uating the undesirable consequences of increased sympa- 
-thetic nervous system activity.>-’8 However, depression of 
¿left ventricular function, a major risk factor contributing 
to mortality after infarction, can be caused by 8 block- 
< ade.®° For this reason, 6 blockers were initially avoided or 
used in small doses in patients with MI. Only in the past 
10 years have the results of long-term studies demon- 
_ -strated conclusively the benefit of 8 blockade in reducing 
— total mortality and nonfatal reinfarction.*7:!° 


- LONG-TERM BETA-BLOCKER PREVENTION 
- ‘TRIALS 
_ > Since 1974, 15 major randomized controlled trials 
< with 8 blockers after acute MI have been reported, with 
treatment and mean follow-up extending from 9 months 
-- to.6 years.! 1730A Over 18,000 survivors of acute MI were 
< -studied in an attempt to document reductions in total 
_ mortality, cardiovascular mortality, coronary mortality, 
sudden death and nonfatal reinfarction. Fourteen of these 
trials used a placebo-treated control group and had a 
_ double-blind design. The time between the infarction and 
he start of 8-blocker or placebo treatment ranged from 
<24 hours to 7.5 years. In 12 trials, patients in the low- 
and intermediate-risk groups were studied predominant- 
ly, !!-13.15-18.23-30 and in 3 trials, only high-risk patients 
were evaluated.!4.2? 
The results from 12 of the 15 trials showed a lower 
_ mortality rate in the 8-blocker group than in the placebo 
- group,!!-13.14.16,17.22-24,26-30,30A Tn the 3 largest studies, 
the reduction in mortality with 6 blockade was statistical- 
-ly significant.'”252627 In the remaining 7 trials, the re- 
~ sults were not conclusive with regard to overall mortality. 
Combining the results of all 15 8-blocker trials, mortality 
is reduced by approximately 21%. 

-- Ten of the 11 trials reporting on the incidence of 
nonfatal reinfarction showed lower rates in the actively 
treated groups.>7!0.2030A In only 1 of the trials was this 

__ lower incidence statistically significant. A comparison of 
-the effect of treatment on the incidence of nonfatal rein- 
- -farction is complicated for many reasons. The diagnostic 

-criteria for infarction differed among the trials, for exam- 

=: ple, resulting in large differences in incidence. A statisti- 

- cal test for homogeneity, however, indicated that the re- 
_. sults of each trial were consistent with those of the others. 
_ When all the findings from the 10 placebo-controlled, 
_~ double-blind trials are pooled, the reduction in nonfatal 

-reinfarction is 22%, a benefit almost identical to that for 

overall mortality. 
: It has been suggested that 6-blocker treatment should 
= -be-started on admission to the hospital to reduce the high 

-rate of mortality among in-patients. In general, short- 
term intravenous treatment trials were designed to pro- 
_. vide information about infarct size, arrhythmias and pain 
_. relief, not mortality.”'!3! However, in 3 large studies in 
_ which intravenous 6-blocker treatment was followed by 










oral treatment, a true reduction of about 15% was o 
served in the in-patient mortality compared with placebo 
or control.32-34 


POSSIBLE MECHANISMS OF BENEFIT 
Antiarrhythmic effects: An analysis of cause-specific — 
mortality in the 8-blocker trials indicates that the reduc- 
tions in total mortality were caused by a reduction in 
cardiovascular deaths.*” Although different definitions 
of sudden death were reported in the trials, a large part of 
the benefit from 6-blocker therapy appears to ha 
stemmed from the prevention of these deaths.>”!? Seven 
trials reported on sudden death; the rates of sudden cardi- 
ac death were lower in the 8-blocker group for all 7 
trials.!? Beta-blocker treatment appears to manifest a 
trend toward a greater overall reduction in sudden cari 
ac death than in all-cause mortality. The weighted ti 
ratios for sudden cardiac death vary between 0.15 
0.84 (mean 0.67), indicating an overall reduction of 3: 
in sudden cardiac death. Indeed, if sudden cardiac deat 
are subtracted from all-cause mortality, the remaining 
death rate is 3.5% in the intervention group and 4.4% 
the control group, which represents an intervention /con- 
trol risk ratio of nonsudden death of 0.8. Thus, althoug 
nonsudden deaths are reduced by 20% in these trials, t 
sudden cardiac death rate is reduced to a greater exte 

In the 5 largest trials, the intervention/control risk 
ratio for nonsudden death ranged from 0.75. 
1.02,!7,22.24,26.27 The 2 smallest trials had the most favor- 
able risk ratios of intervention to control—that is, 0.51 
and 0.61 for all-cause mortality and 0.25 and 0.15. 
sudden cardiac death.''3° However, these same studies 
had intervention/control risk ratios of 1.4 and 2.8 fo 
nonsudden death. Moreover, it may be argued that 
unfavorable difference in nonsudden cardiac death 
relate to the specific 8 blocker used; however, a mo 
probable explanation is the potential for chance associ 
ated with small patient numbers. 

For witnessed instantaneous deaths, an even large: 
relative benefit from 8-blocker therapy was recorded. 
The reduction was 59% in 1 study,”° 46% in another”? and 
37% in another,'’ corresponding to an average reducti 
in instantaneous deaths of 46%. For these 3 trials, the 
pooled reduction in all-cause mortality was 31%, indica 
ing that the relative reduction in instantaneous deaths 
about 50% higher than that in all-cause mortality. When 
the instantaneous deaths are removed from the all-cause 
mortality, the pooled reduction in death in the remaining 
patients becomes 23%, and the relative reduction in in- 
stantaneous deaths is twice as great. : 

Three of the 7 trials obtained 24-hour ambulatory : 
electrocardiographic records on a subset of their partici- 
pants, both at trial entry and at a subsequent follow-up 
visit.'’2426 The findings of these 3 trials are similar. In 
the subgroup of survivors who entered the trial with fr 
quent ventricular premature beats, fewer patients taki 
B blockers demonstrated this type of arrhythmia at a lat 
follow-up visit than did patients in the pla 
groups.*435.36 Although the recorded episodes of ven 
ular tachycardia were few in all trials at follow-up, 
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arrhythmia was less common in patients receiving ĝ 
blockers than in patients receiving placebo. 
In the trials, a higher serum potassium and a shorter 
-corrected electrocardiographic QT interval were noted in 
: ‘Patients receiving @ blockers:compared with those receiv- 
ing placebo.7!74’ Beta blockers have been observed to 
_ attenuate transmembrane potassium fluxes in response to 
_ high catecholamine levels.** Perhaps part of the protec- 
_ tive effect of 8 blockade comes from its ability to preserve 
normal serum potassium levels, especially in those pa- 
aes receiving concurrent diuretic therapy. 
_.. Antiischemic effects: Given that the incidence of non- 
-sudden cardiac deaths and nonfatal reinfarction were 
reduced by 6 blockade in the long-term trials, the antiis- 
_ chemic actions of the drugs also may have contributed to 
_ their beneficial effects in the postinfarction period. 
-= Stimulation of cardiac B-adrenergic receptors by en- 
_ dogenous catecholamines mcreases myocardial oxygen 
consumption, and can thereby aggravate the ischemic 
process. Drugs that block the 8-adrenergic receptors also 
"reduce the effects of catecholamines and decrease myo- 
_ cardial oxygen requirements by reducing systemic arteri- 
pressure, heart rate and myocardial contractility at rest 
id during exercise.>.’ The effects of these drugs on coro- 
iry blood flow are less well defined. Beta blockers may 
decrease coronary blood flow by allowing the unopposed 
‘luence of coronary vasocenstrictor impulses to prevail. 
Furthermore, these drugs may also augment or maintain 
erall coronary blood flow by slowing the heart rate and 
increasing diastolic perfusion time.°”°? More controver- 
sial are those studies reporting favorable effects of 6 
- blockers on myocardial metabolism, the coronary micro- 
vasculature, collateral blood flow, the distribution of 
myocardial blood flow and oxygen-hemoglobin affini- 
-ty.5:739 One or several of these antiischemic mechanisms 
_ may underlie the beneficial effects of 6-blocker therapy in 
survivors of MI. 
_ Thus, although multiple possibilities have been ex- 
_ plored to explain the cardioprotective effect of 8 blockers, 
_ there is as yet no generally accepted mechanism for their 
effect. Such an explanation may result from new infor- 
mation about the role of thrombus formation in myocar- 
aa infarction and sudden death. 
-Prevention of atherosclerotic plaque tears—a new 
hypothesis to explain cardioprotection: Coronary 
rombi, large enough to be detected by angiography, are 
often associated with tears (fissures) in the caps of ath- 
erosclerotic plaques.**! These tears allow blood to pene- 
trate into the arterial wall, leading to thrombus formation 
ithin the intima; this may be followed by propagation of 
_ thrombosis into the vessel lumen. This process was de- 
_ scribed over 60 years ago*-“*; however, its clinical impor- 
-tance was recognized more recently after the microanato- 
_ my of coronary thrombi was established by serial histo- 
-logic sectioning. t54 Plaque tears have been recognized 
-in the angiograms of living patients with unstable angi- 
o naand acute MI,>!-? and in patients resuscitated 
-from sudden cardiac death.5? Angioscopy in living pa- 
“tients with unstable angina has also confirmed the pres- 
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ence of mural thrombi on torn atherosclerotic plaques i ino 
the coronary arteries.°+>5 

Why a plaque becomes dasoentible to rupture is not 
known. It is presumed to be a dynamic, reversible disor- 


der caused by changes in the constituents in the plaque, 


its blood supply through the vasa vasorum or the func- 
tional integrity of the overlying endothelium.°° Computer 


modeling of different forms of plaque has shown thatthe 


distribution of circumferential tensile stress across the 

intima is radically influenced by atherosclerotic 

plaques.*° Regions of high circumferential stress corre- 

late closely with the sites of intimal tears found on autop- 

sy.*0 

Sudden increases in blood pressure precipitated by 
physical or mental stress and surges in sympathetic tone 
could produce hemodynamic changes leading to plaque. 


rupture. These surges in sympathetic nervous activity : 


could also increase platelet aggregability and possibly 
coronary vascular tone. Beta-adrenergic blockade may 
modulate or attenuate the consequences of these sympa- 
thetic nervous system surges by inhibiting the effects of 
catecholamines on blood pressure, heart rate and myo- 
cardial contractility. 

Beta blockers are known to protect a vulnerable aorta 
from acute dissection, as well as reducing the risk of 
recurrent dissection.’ This is accomplished, in part, by the 
ability of £ blockers to reduce blood pressure and myocar- 
dial contractility. Comparing propranolol with hydrala- 
zine, using Doppler ultrasonography, Spence’ found that 
propranolol was more likely to reduce the velocity of 
blood flow and the likelihood of nonlaminar blood flow in 
the aorta, thereby reducing turbulence and vortex forma- 
tion (as heart rate X blood velocity product isa determi- — 
nant of arterial blood flow disturbance). This effect of 8 
blockers could also reduce the risk of endothelial damage 
and plaque rupture; subsequent coronary thrombosis — 
would be less likely to occur. In addition, some 8 blockers 


also have weak antiplatelet effects that might prevent the 


development or propagation of clots.** 


DISCUSSION 

Recent clinical and pathologic evidence has conclu- 
sively shown that most MIs are due to coronary thrombo- 
sis secondary to plaque rupture.*}475°6° With regard to 
reducing mortality in infarction survivors, studies with 


antiarrhythmic drugs have revealed no overall benefit on- 


survival or reinfarction, and perhaps an increased mortal- 
ity risk.é 6? Controlled studies in postinfarction patients 
with calcium antagonists, which are potent coronary dila- 
tors and antiischemic drugs, have revealed less benefit on _ 
survival or reinfarction compared to 8 blockers, except in. © 
a subgroup of patients with non-Q-wave infarctions.© 
Beta blockers are mildly effective antiarrhythmic 
drugs and relatively weak antiplatelet drugs. The protec- 
tive effects of 8 blockers in patients with myocardial 
infarction may not just be related to their antiarrhythmic 
or heart rate-lowering effects as previously thought, but 


to an indirect antithrombotic action. As proposed in the: 


current report, their cardioprotective action could be re- 
























ted to a prevention of plaque rupture (Fig. 1) and subse- 
nt thrombosis. As evidence continues to mount re- 
garding the circadian variation of acute cardiovascular 
ents,°* the importance of maintaining pharmacody- 
namic action over 24 hours may become paramount. 

A theoretical model for the triggering and prevention 
of coronary thrombosis by plaque rupture and its preven- 
tion is shown in Table I. Beta-adrenergic blockers may 
act initially by reducing the occurrence of atherosclerotic 
plaque rupture. Aspirin and perhaps 8 blockers, with 
heir antiplatelet effects, possibly protect against the 
_ propagation of thrombosis once a plaque rupture occurs. 
Heparin can prevent propagation of a thrombus with or 
ithout aspirin present. Once a thrombus occludes a ves- 
sel, thrombolytic therapy can be used to dissolve the clot. 
Intravenous 8 blockade could reduce the heightened sym- 
_ pathetic tone of the periinfarction period that may be 
aggravating the thrombotic process. Vasodilator drugs 
_might also be useful as adjunctive therapy (nitrates, calci- 
um antagonists) to prevent or attenuate vasoconstriction 
of the coronary arteries induced by the thrombotic pro- 
cess. Maintenance: of long-term §-blocker and aspirin 
therapy after an infarction could prevent subsequent cor- 
onary artery plaque fractures and thrombi. 

MIs still occur despite the use of 8 blockade and 
aspirin in survivors of MI. The reduction in mortality and 
nfatal reinfarction with 6 blockers is about 20 to 25% 
pared with placebo. There are certainly other me- 
nical and neurohumoral influences that must be con- 
buting to plaque rupture and thrombus propagation 
hat. remain to be investigated. 


: CONCLUSIONS 
Among the drugs available for treatment of hyperten- 
sn and ischemia, evidence suggests that 8 blockers may 
be especially useful. Beta-adrenergic blockers have been 
< shown to reduce the incidence of total mortality, cardio- 
vascular mortality, sudden death mortality and nonfatal 
_ reinfarction in survivors of acute MI. They are also useful 
<- for reducing mortality during the hyperacute phase of MI 
_. when administered parenterally with and without throm- 
_ bolysis. The protective effects of 8 blockade probably 
-extend beyond their antiarrhythmic activity and ability to 
reduce determinants of myocardial oxygen demand. Beta 
_ blockers appear to have important antithrombotic prop- 
erties, not related to direct anticoagulant activity but 
possibly through indirect means in reducing the risk of 
-coronary artery plaque rupture and the eventual propaga- 
___ tion of thrombosis. Studies need to be done to definitively 
__ explore the validity of this new hypothesis. Until then, 8 
blockers with or without aspirin, in conjunction with coro- 
< nary disease risk-factor management, appear to be the 
_ most rational approach for reducing the incidence of mor- 
_. tality and morbidity in patients who have survived an MI. 
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TABLE I Lines of Defense Against Occlusive Coronary 
Thrombosis 










Prevention of atherosclerotic plaque formation 
Modification of risk factors for atherosclerosis 

Prevention of rupture of vulnerable atherosclerotic plaque 
Prevention of surges in adrenergic activity with beta blockers 

Prevention of thrombus formation once plaque is fractured 
Aspirin and possibly beta blockers 

Prevention of thrombus propagation once thrombus is initiated 
Heparin, thrombolytic therapy and aspirin 

Dissolution of occlusive thrombus 
Thrombolytic therapy and aspirin 

Prevention of recurrent plaque fractures and thrombosis 

Beta blockers, aspirin and possibly diltiazem and verapamil 

Protection against catecholamine or other neurohumoral surges. | 
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FIGURE 1. Prepoued cole of jtadresiorgle biakan Wi grown 
tion against myocardial Infarction. BP = blood pressure; 
HR = heart rate; | = decreasing; ? = unproven. 
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